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(54) Title: PROCESS TO PREPARE EPLERENONE 

I 

(57) Abstract: The present invention involves novel intermediates, including a 7a-substitutcd sicriod (11). and various novel pro- 
cesses which are used to prepare known intermediates useful in the production of eplerenone. a pharmaceutica] agent 
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PROCESSES TO PREPARE EPLERENONE 
BACKGROUND OF THE INVENTION 
I . Field of the Invention 
The present invention includes a process for the transformation of a 3-enol 
S ether A^*^-steroid to the corresponding A^'^-3-ketal steroid (I-P). 

The present invention includes a process for die transformation of a A^*^-3-keto 
steroid or ketal thereof (I)> to the corresponding A^-3-ketosteroid-7a-carboxylic acid 
(VI). 

The present inv»tion also includes a novel processes and novel intermediates 

10 to produce the phannaceutically useful compound eplerenone. 

Further, the invention includes processes for transformation of 1 la-hydroxy- 
17-lactone (CI) or 1 la-hydroxy steroids (CIV) to the corresponding a'^' '^-17-lactone 
(Cn) or A'^^ '^-steroids (CV) using a N-fluoroalkylamine reagents (CVI). 

2. Description of the Related Art 

15 It is known to transform 3-keto-A^*^-steroids into the corresponding 

steroidal A'^'^O-ketals by acid-catalyzed ketalization. Yields are moderate and double 
bond deconjugation can be competitive. For example, A^*^-cholestadiene-3-one-3- 
cycloefhyleneketal was prepared by ketalization of A^'^-cholestadien-3-one in 64% 
yield, see 7. Org, Chem. 26, 2549(1961). Also, 17p-hydroxyandrosta-4,6-dien-3;K)ne- 

20 3-cycloethyleneketal was prepared by ketalization of 6-dehydrotestosterone in 55% 
crude yield, see J. Am. Chem. Soc, 86, 2183 (1964). The steroidal A'^'^-S-ketals (I-P) 
can be used as starting materials in the process to prepare eplerenone. 

J. Org. Chem., 29, 601 (1964) reports that A^'^O-alkoxy steroids react with 
DDQ in the presence of water to give the corresponding A^*^-3-keto steroids. The 

25 process of the present invention reacts A^'^-S-alkoxy steroids (3-alkyl enol ether) with 
DDQ in the presence of an alcohol under essentially anhydrous conditions to give the 
A'^'^-S-ketal steroid (I-P). In addition, the prior art methods of producing the A^*^-3- 
ketal steroid (I-P) uses two steps, 6-dehydrogenation of an enol ether to a A^*^-3-keto 
steroid followed by ketalization whereas the present invention is a one step reaction. 

30 Eplerenone, also known as epoxymexrenone, is a useful pharmaceutical agent 

and chemically is 9a,l la-^poxy-17P-hydn)xypregn-4-«n-3-one-7a,21-dicarboxylic 
acid, T^lactone, methyl ester. 
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International Publication W098/2S948 of PCT application PCTAJS97/23090 
discloses eplerenone and many different process to prepare eplerenone. In particular, 
see schemes 1 tbru 10. 

US Patent 4,874,754 discloses 19-nor steroids with 7a-aryl substitution. The 

5 7a-aiyl substituent included a number of groups including phenyl, UneayU furyl, 
thiazolyl, pyrrol^, oxazolyl, imidazole, pyrazolyl, triazolyl, tetrazolyl, isothiazolyl 
and isoxazolyl, pyridinyl, pyridazinyl, pyrimidinyl and pyrazinyl. Regardless of which 
group was used, the 19-nor compounds had antiproliferative, anti-estrogenic and/or 
estrogenic properties and are not useful intemediates to eplerenone because there are 

10 no practical methods for installing the 19-mettiyl group into 19-nor steroids. The 7a- 
substituted steroids (n) of the present invention, are intermediates, not end products 
and do not have estrogenic properties because they are not 19-nor stax>ids. 

US Patent 4,502,989 discloses a number of A' '-steroidal-7-lactones many of 
which are substituted in the 7a-position which have aldosterone antagonist activity. 

1 5 The 7a-substitution is 6a,7a-methylene-, 7a-trimethylacetylthio-, 7a-acetylthio- and 
7a-benzoythio-, see claim 1 . These compoimds differ fiom the compounds of the 
invention in that the C-ring double bond is A* and the 7a-substitutents are such that 
the compounds cannot be used in the same way as the 7a-substituted steroids (II). 

He/., 25, 399 (1987) and Bull Soc. Chim. Fr. 131, 900 (1994) disclose the use 

20 of boron trifluoride dieth^ etherate to catalyze conjugate addition of non-steroidal 2- 
methylfuran to a,p-unsaturated ketones in ethanol/nitromethane. The process of the 
present invention involves steroidal fiirans. In addition, the enone substrates in Hei,^ 
25, 399 (1987) and Bull. Soc. Chim. Fr. 131, 900 (1994) do not contain stereocenters, 
so the issue of stereocontrol does not arise. 

25 Methods for conjugate addition of carbon nucleophiles to 9(1 l)-saturated-A^*^- 

3-keto steroids to give 9(1 l)-saturated-7a-substituted steroids stereoselectively are 
known. J. Am. Chem. Soc.^ 94, 4654 (1972) discloses conjugate addition of carbon 
nucleophiles to 9(1 l>saturated-A^*^-3-keto steroids to give 9(1 l)-5aturated-7a- 
substituted steroids stereoselectively. Tet, 49, 9955 (1993) and Tet. Lett., 29, 1533 

30 (1988) disclose stereoselective addition of allyltrimethylsilane to canrenone (titanium 
tetrachloride, methylene chloride, -78°) to give a mixture of two di£Scult-to-separate 
products (7a-allyl-canrenone and the conresponding.6a,7a-fused silylcyclopentane) in 
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poor yields (43-73% and 7-15%, respectively). Note that in these cases the steroid 
substrate is 9(1 1) saturated. All attempts to apply these methods or similar methods to 
9(1 1) unsaturated steroid substrates have failed, due to lack of stereocontrol. For 
example, US Patent 4,559,332, Example 7, discloses that trimethylsulfoxonium iodide 

s adds to A'^' '^-canrenone (I) using sodium hydride in DMSO at room temperature to 
give exclusively 6p,7P-methylene-A'^' '^-canrenone. Also, nitromethane adds to A^* 
canrenone (I) in tetramethylguanidine at room temperature over 7.5 hrs.) to give 
exclusively the vp stereoisomer (7p-nitromethyl-A^^^*^-6,7-dihydrocanrenone. 
Heh, Chim, Acta, 80, 566 (1997) and US Patent 4,559,332 disclose that 

10 reaction of A^' '^-canrenone with diethylaluminum cyanide to give 7a-cyano-A^' 
6,7-dihydrocanrenone, but the crude product is described as a "brownish amorphous 
residue" that "was filtered through silica gel yielding amorphous" semipurified 
product "which was used without further purification in the next step." The ratio of 
7-a to 7-P epimers is not disclosed. 

15 1 Am. Chem. Soc. 79, 3120 (1957),y. Am. Chem. Soc. 82, 6136 (1960), and/ 

Org, Chem. 27, 1 192 (1962) disclose degradation of non-steroidal enediones to 
carboxylic acids through alkoxyhydroperoxide mtennediates and not 
hydrox^ydroperoxide intermediates. The process of the present invention involves 
steroidal enediones. 

20 The oxidative opening of fiirans to caiboxylic acids, or carboxylic acid 

derivatives, by direct ozonolysis is known. However, the yields are usually quite 
poor. J. Org. Chem., 61, 9126 (1996), reported that a 2,5-disubstituted fiiran on 
ozonization underwent partial cleavage to an enol acetate rather than complete 
cleavage to the carboxylic acid. Het., 34, 895 (1992) reported direct ozonization of a 

25 2-substituted fiiran gave, after esterification, the mediyl ester in 59% yield. J. Am. 
Chem. Soc. 101, 259 (1979) reported direct ozonization of a 2-substituted fiiran gave, 
after esterification, the methyl ester in 55% yield. J. Am. Chem. Soc, 107, 7762 
(1985) reported direct ozonization of a 2-sugar-substituted furan gave, after borane 
reduction, the primary alcohol in 50% yield. Tet. Lett., 34, 7323 (1993) reported 

30 direct ozonization of a 2-substituted furan gave, after esterification, the methyl ester in 
60% yield. Carb. Res., 150, 163 (1986) reported direct ozonization of a 2-sugar- 
substituted furan afforded, after reduction with triphenylphosphine followed by 
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lithium aluminum hydride, the primaiy alcohol in 1 1% yield. TeL Lett.^ 22. 141 
(1981) reported direct ozonization of a 2-substituted fiiran gave, after oxidative 
woikup, the carbox^ic acid in approximately 30% yield. J. Am, Chan. Soc, 109, 
2082 (1987) reported direct ozonization of a 2-substituted furan gave, after 

S esterification, die methyl ester in 77% yield. Tet Leit.^ 39/7013 (1998) reported 
direct ozonization of a 2-substituted ftiran gave, after esterification, itte methyl ester in 
78%-87% yield J. Org. Chem., 54, 208S (1989) reported direct ozonization of two 2- 
substituted ftirans gives the caiboxylic acid in 89-95% yield, however, in this study, 
the 2-substituted furans were very simple (i.e., they did not contain any reactive 

10 fimctional group other than the ftiran). There is no disclosures of a two step fiiran 
opening and then oxidative cleavage to the caiboxylic acid which results in high 
yields. 

J. Org. Chem. 63 ^ 7505 (1998) discloses the use of dibromatin, sodium 
bicarbonate and aqueous acetone to open non-steroidal fiirans to produce enediones. 

1 5 The process of the present invention involves steroidal fiirans. 

Chem. Lett, 1771 (1983) discloses the use of hydrochloric acid in ether to 
catalyze the isomerization of non-steroidal cu-enediones to l^^anr-enediones. The 
process of the present invention involves steroidal enediones. 

y. Am. Chem. Soc., 79, 3120 (1957), J. Am. Chem. &c., 82, 6136 (1960) and J. 

20 Org. Chem., 27, 1 192 (1962) disclose the degradation of enediones to carboxjdic acids 
through alkoxyhydroperoxide intermediates by use of ozone and an oxidatively 
cleaving agent The yields are not particulariy high. For example, the yield of 
benzoic acid fiK)m ^an5-dibenzoyletfaylene was 54%. Following this process, 
methoxyhydroperoxide (IV-OOH) (where R7.2 = -CHj) gave a 65.2/34.8 mixture of 

25 the desired carboxylic acid (VI) and a-ketomethylester where (Rb = OMe). The a- 
ketomethyl ester can not be transformed to an eplerenone useftil compound and its 
production makes this process not commercially usefiil. By contrast, in the process of 
this invention, the enedione (ID) is degraded to the carboxylic acid (VI) through the 
hydrox^ydroperoxide intermediate (IV-OOH, where R?^ = -H), whidi surprisingly 

30 rearranges to the desired carboxylic acid (VI) in nearly quantitative yield. The process 
of the present invention uses ozone, a hydroperoxy-deoxygenating agent and then a 
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oxidatively cleaving agent to avoid pioductios of the a-ketometfaylester and obtain 
increased yields. 

Drugs of the Future, 24, 488 (1999) discloses conversion of the S,7-lactone 
(Vn) to the corresponding methyl ester (Vm) by treatment with '"m^yl iodide in 
5 basic medium,". The process of the present invention for methylation is a sequential 
process. 

International Publication W098/2S948 generically discloses (S,7)-17- 
bislactones and 3 protected forms. 

International Publication W098/2S948 discloses the transformation of a 

10 steroidal 7a*acid to the (S,7)-17-bislactone. This process requires an orthoester. The 
process of the present invention does not require an orthoester. 

International Publication W098/2S948 discloses the transformation of a (S»7)- 
17-bislactone to the corresponding 7a-CO-OCH3 in one step. The present invention 
uses two steps but obtains better yields and consumes less reagent 

15 Eplerenone is 9(1 l)a-cpoxy-17p-hydroxypregn-4-en-3-one-7a;21- 

dicarboxylic acid, y-lactone, methyl ester and as such contains a 7a-carbomethoxy 
substituent. From the standpoint of production, a major difficulty in the production of 
eplerenone is introduction of the 7a-carbomethoxy substituent The present invention 
includes an improved proved process for the introduction of the 7a-substitutent 

20 It is known that a carboxylic acid can be obtained fifom a (substituted)furan in 

onestepbyozonolysis. However, the yields are quite low. Further, it is known diat 
furans can be opened to enediones. It is also known that enediones can be oxidized to 
carboxylic acids. 

BulleHn of the Chemical Society of Japan, 52, 3377-3380 (1979) discloses that 
25 N-(l,l,2,2,3,3,3)hexafluoropropyldiethylamine, "Ishikawa reagenf is used to replace 
a hydroxyl group with a fluorine atom or eliminate a hydroxy group to an olefin. 
With cyclohexanol, a simple monocyclic system, the elimination product olefin was 
78%. However, when the "Ishikawa leagenf* was ^plied to a steroid, cholesterol, the 
corresponding fluoro compound cholesteryl fluoride was obtained in 83% yield; no 
30 elimination product was reported. 

y. Org, Chem., 2187-2195(1964) discloses the reaction of 1 la-hydroxypregn- 
4-ene-3,20-dione with 2-chloro-l,l,2-trifluorotriediylaixiine to give the elimination 
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product, pregna-4,9(l l)-diene-3,20<dione, in 86% yield. The process of the present 
invention does not use 2-chloro-l,l»2-trifluon)triethyIamine also known as Yarovenko 
reagent. Further, use of 2-chloro-Ul ,2-trifluorotriethylamine is a problem because it 
is not stable enou^ to make scale up practicable. In addition, it is derived from a 

5 chlorofluorocaibon and is not environmentally sound. 

Tetrahedron Letters, 1065-1069 (1962) also discloses the reaction of 1 la- 
hydroxypregn-4-ene-3,20-dione with 2-chloro-l,l,2-trifluorotriethylamine to give the 
elimination product, pregna-4,9(l l)-diene-3,20-dione. 

29, 2187 (1964) discloses the reaction of steroidal alcohols with 2- 

10 chloro-l,l,2-trifiuorotrieth^amine to replace the hydroxylgn>up with fluorine The 
present invention does not use 2-chloro-l,l,2*trifluorotiiethylamine, nor does it 
replace a hydroxyl group with a fluorine atom. 

J. Fluorine Chem.,109, 25-31 (2001) describes and compares the use of 
l,l,2,2-tetrafluoroethyl-N,N-dimethylamine as well as Yarovenko-Raksha and 

15 Ishikawa reagent as fluorinating and dehydrating agents. While the document 

discloses examples of elimination reactions in both aliphatic and cyclic systems, the 
primary use is as a fluorinating agent. The only steroid example was the reaction of 
1,1,2,2-tetrafluoroethyl-NJJ-dimethylamine with cholesterol which produced a 
product with fluorine at the C-3 position of cholesterol. 

20 SUMMARY OF INVENTION 

Disclosed is a process for the preparation of a A^'^-ketal of formula (I-P) 



^31- 




(|.P) 



where Rai and R32 are 

(1) the same or difierent and are C1-C3 alkyl, and 
25 (2) taken with the attached -O-C-0- to form a cyclic ketal of 5 or 6 atoms of 

the formula 

-(CH2)-(CR33R34)nl-(CH2)- 

whereni isOor 1; 

where Ry^ and R34 are the same or difierent and are 
• 6- 
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-H. 

C1-C3 alkyl, 

which comprises 

(1) contacting a A'*^-3-enol ether of formula (Alkyl enol ether) 



(Alkyl enol ether) 



where is 

C1-C3 alkyl, 

CH3-CO-, 

O-CO-or 

1 0 Rsi.1Rsi.2Rsi.3Si- where Rsi.i. Rsi.2 and Rsi.3 are the same or different and are 

C1-C4 alkyl; with a hydride abstractor and an alcohol selected fiom the group 
consisting of alcohols of the formula: 

(a) R31-OH, where R3] is as defined above, 

(b) R32*OH, where R32 is as defined above, 

IS (c) HO-(CH2)-(CR33R34)tii-(CH2)-OH where ni, R33 and R34 are as defined 

above, 

(d)HO-CH2-CH2-OH. 

Also disclosed is a 7a-substituted steroid of formula (II) 

R17 




(») 



20 where 

(I) R3 is = O; R4 is R4.i:R4*2 where one of R4.1 and R4_2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to foim a second bond between the caibon 
atoms to which they are attached; R^ is -H:-H; 

(U) R3 is R3.3:R3^ and R4 is R4.3:IU4 where one of R3.3 and R3^ is -O-R31 
25 where R3] is C1-C3 alkyl, the other of R3.3 and R3^ is taken together with one of R4-3 
and R4.4 to form a second bond between the carbon atoms to which they are attached, 

.7- 
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and the other of R4.3 and is -H; is R6.3:IU4 where one of R^j and Ra^ is taken 
together with K$ to form a second bond between the caibon atoms to which they are 
attached and the other of R6.3 and is -H; (in) 
R3 is a-R3.s-P-R3-6 where R3.S is -O-Rji and Ky^ is -O-Rai where R31 and R32 are the 
5 same or difTerent and are selected fiom the group consisting of 
Ci-C3alkyland 

R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal 
of S or 6 atoms of the formula 

<CH2HCR33R34)nl-(CH2)- 

10 where Hi is 0 or 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
-H:-H; R6 is R6.5:Rm where one of R^s and R^^ is taken together with Rs to form a 
second bond between the caibon atoms to which they are attached and the other of 
R6.5andR6^is-H; 

IS (IV) R3 is a-R3.7:P-R3^ where R3.7 is -O-R31 and R34 is '-0-R32 where R31 and 

R32 are as defined above; R4 is R4.7:R4-8 ^ere one of R4.7 and R44 is taken together 
with Rs to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R4.8 is -H; R^ is -H:-H; 

where R7.1 is a molecular fiagment of the formula (-A1) 



20 

or of the formula (-A2) 




(-A2) 



where Xi is: 

25 -O-or 

-NXm- and where X|.] is: 
-H. 

-8- 




(-A1) 
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C|-C4alkyl. 

-CO-OXi.2 where X1.2 is C|-C4 alkyi or-CHiHp, 

-CO-X1.2 where X1.2 is as defined above, 

-CO-9 where Hp is substituted in the o-position with 



5 -C0-0-(C|-C4alkyl), 



.S02-(C,-C3alkyI), 

-SQ2-9 where 9 is optionally substituted with 1 or 2 
Ci-C4alkyl, 
C1-C4 alkox^ 

10 where Rb is selected fiom die group consisting of 

-H, 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 

15 Ci-C4alkoxy, 

where Rc is selected from the group consisting of: 
-H. 

C1.C4 alkyl, 
Ct-C4 alkoxy, 

20 -C>-Si(R)3 where the R*s are the same or different and are -H, 

C1-C4 alkyl, -9, C1-C4 alkoxy and -OH, 
-F, -CI, -Br. -I, 
-CO-OCH3 and 

-CO-Rc.1 where R<:.| is C1-C4 alkyl ornp; 
25 where Rd is selected from the group consisting of 

-CsN, 

CrCio alkyl; 
C1-C4 alkoxy; 

30 -CH2-ORd.i ^ere Rd.i is -H or C1-C4 alkyl, 

-CH2-N(Rd^)2 where die two Rd^ are the same or different and 

are: 
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C|-C4alkyl. 

-CO-R^^ where R<|^ is C1-C4 all^l or -9, 
-CH2-O-CO-IU1 where lUi is as defined above, 
-CH(OR<|.i)2 where Rd-i is as defined above and where die two 
R<i.t taken together are: 

-CH2-CH2-. 
-CH2^H2-CH2*, 

^H2-C(CH3-)2-CH2-, 

•CH(-O-C0-Rd.i)2 where lUi is as defined above, 
-Si(R)3 where R is as defined above, 
•0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where R^i is as defined above, 
-S-Rii.5 where Rd-5 is C1-C4 aikyl or Hp, 
-N(Rd^)2 where Rd^ is as defined above, 
where R« and R<| taken together with the atoms to which they are attached to foim 




El 

where El are die same or different and are: 
-H, 

20 C|-C4alkyl, 

-F, -CI, -Br, -I, 
-OEm where Em is: 
-H, 

Ci^alkyl, 
25 Hp or 

-SiE1.2E1.3EM where E1.2, E1.3 and Em are the same or 
different and are C1-C4 alkyl or Ci*C4 alkoxy, 

-S-E1.5 where E1.5 is C1-C4 alkyl or-q>, 
-S-<0)i.2-E|.5 where E1.5 is as defined above, 
-10. 
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-N(Rd4)2 where the two R<M are the same or different and are 

as defined above, 

-P(0X0-E|.i)2 where Em is as defined above, 

-Si(R)3 where R is as defined above; 
5 -CE,=M (-B) 

where Ei is as defined above and 
where M is: 

(1) =o, 

(2) =N-E2 where E2 is selected from the gn>iq> consisting of 
10 -H 

CrC4alkyl, 

C1-C4 alkenyl containing 1 or 2 double bonds, 
C1-C4 alkynyl containing 1 trq>le bond, 
-CO-OE2.1 where E2.1 is -H or C1-C4 alkyl, 
15 -C(E2.i)2-OE2.2 where E2.1 are the same or different and are as 

defined above and where E2^is 

C1-C4 alkyl, 
-9 or 

-Si(R)3 where the three R are the same or different and 



20 are defined above. 



-OE2.2 where E2.2 is as defined above, 

-S-E2.3 where E2.3 is C1-C4 alkyl or -<p, 

-S-(0)i.2-E2.3 where E2.3 is as defined above, 

-N(R<m)2 where the two Rd6 are the same or different and are as 



25 defined above; 



-Si(R)3 where the three R are as defined above; 
(3) =C(E2)2 vdiere the E2 are the same or different and are as defined 

above, 

where Ei and E2 are taken together with the atoms to which they are attached 
30 to form a ring of S thru 7 members, optionally containing 3 thru S 

-s.. 
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-N=. 

-NX|.|- where X|.i is as defined above, 
*CE2= where E2 is as defined above, 

-C(Rbh- w^ere Rb is as defined above, and optionally containing 1 or 2 
S additional dmtble bonds; 

-C^-E2 (-Q 
where E2 is as defined above; 

•CH2-CH=CH2 (-Dl) 
-CH=C=CH2 (-D2) 
ID -CH2-CSC-H (-D3) 

where R9 is: 

(1) -H, 

(2) -OH, 

(3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 
1 S PROTECTING GROUP is selected fiom the grotq> consisting of 

-Si(-CH3)3. 

-Si(-CH2-CH3)3. 

-CO-CH3, 
-CO-Hand 

20 -SiH(CH3)2, 

(4) -F; 
where R|| is: 

(1) =0, 

(2) -H:-H, 

25 (3) a-Ri i.i:p-Ri 1^ w^ere Ri i.i is: 

(a) -H, 

(b) -0-R| 1.3 where R| 1.3 is: 

(i) -H. 

(ii) a HYDROXY PROTECTING GROUP) where 
30 HYDROXY PROTECTING GROUP is as defined above, and where R| 1.2 is: 

(a) -H. 

(b) -O-R] 1^ where Rim is: 
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(i) -H. 

(ii) a HYDROXY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, with the proviso that one of 
Ri M and R| 1.2 must be -H, 

S (4) Ri t^:R| 1^ where one of R| 1.5 or R| 14 and R9 are taken together 

with R9 to form a second bond between C-9 and C*I 1 and the other of Ri 1.5 or R| 1^ is 

(5) a-Ri i.7:^Ri 1^ where Ri 1.7 and R9 are taken together with -O- to 
form an epoxide between C«9 and C-1 1 and R| 1^ is -H; 
to where Ri7 is: 

(1) =0; 

(2) a-R|7.i:p-R]7.2 where R17.1 is: 

(a) -H, 

(b) -C^-H, 
15 (c)-CsN, 

(d) -<^-CH2-0-R|7.M where Rn-i-i is selected fiiom the 

group consisting of 

(i) -H. 

(ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

20 and are C1-C4 alkyl, 

(iii) l-edK>xyethyl, 

(iv) 2-tetrahydropyranyU 

(e) -C^-CH2-0-(HYDR0XY PROTECTING GROUP), 
where HYDROXY PROTECTING GROUP is as defined above, 

25 (£)-CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-OKHYDROXY PROTECTING GROUP), 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ■ and where Ri7.2 is -OH; 

(3) a-Ri7.3:p-Ri7-4 where Rnj is -OH and where Ri7^ is: 
30 (a)-CO.CH3. 

(b) -CO-CH2-OH. 

(c) -CO^H2-0-COKCH2)o.3-CH3; 
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(4) a-Ri7.s:p-Ri74 where Rit-s and Rn^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CHa- where the 
attachment of the -O is at Rn^ in the ^-orientation and the attachment of the CHr is 
at Rn-s in the a-orientation; 
s (S) a-Ri7.7:P-Ri74 vs^ere R17.7 and Ri7^ are taken with the attached 

carbon atom to form a five member lactone contaming -O-C0-CH2-CH2- where the 
attachment of the CH2- is at Rt7.7 in the a-orientation and the attachment of the -O is 
at R]74 in the ^-orientation; 

(6) -0-CH(ORi7-9)-CH2-CH2 where the bond from the oxygen (-0) 
10 is one of the four bonds at C-17 in the ^-configuration and the bond from the 

methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a 5 member heterocycle containing one oxygen atom, where R17.9 is -H or Ci- 
Cjalkyl; 

(7) a-Ri7-ii:P-Ri7-i2 where R17-10 is -<CH2)i-2-CH=CH2 and Rn-12 is 

15 -OH. 

Further disclosed is a cis enedione of the formula (Ill-cir) 




(lll-cis) 



and a trans enedione of the formula (Ol'trans) 




(Ill-trans) 
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where 

(I)R3is = 0;R4isR4.i:R4^where<meofR4.i and R4-2 is -H and the 
other of R4.1 and R40 is taken together with Rs to form a second bond between the 
carbon atoms to which they are attached; R« is -H>H; 
5 (m) R3 is a-R3.s:P-R3-6 where R3-5 is -O-R31 and R3-6 is -O-R32 where 

R31 and R32 are the same or different and are selected fiom the group consisting of 
C1-C3 alkyl and 

R31 and R32 are taken with the attached -O-C-O- to form a 
cyclic ketal of S or 6 atoms of the formula 

10 -(CH2HCR33R34)nI-(CH2)- 

whereni isOor 1; 

where R33 andR34are the same or different and are -H and C1-C3 all^l; R4 is 
-H:-H; R6 is R«.5:Rm where one of R^-s and R^^ is taken together with Rs to form a 
second bond between the carbon atoms to which they are attached and the other of 
15 R^sandRti^is-H; 

(IV) R3 is a-R3.7:P-R34 where R^7 is -O-R31 and R3-8 is -O-R32 where 
R31 and R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R4-8 is taken 
together with R5 to form a second bond between the carbon atoms to which diey are 
attached and the other of R4.7 and R44 is -H; R6 is -H:-H; 
20 where R9, Ri 1 R17 are as defined above; 

where Rb is selected from the group consisting of 

C1-C4 alkyl or 

phen^ optionally substituted with 1 or 2 
25 C1-C4 alkyl, 

Ci-C4 alkoxy, 
where Re is selected fiom the group consisting of: 
-H. 

C1-C4 alkyl, 
30 Ci-CUaikoxy, 

•0-Si(R)3 where the R*s are the same or different and are -H, C1-C4 
alkyl, -<p, C1-C4 alkoxy and -OH, 



-15 



wo 03/082895 



PCTAJS03/07793 



10 



.F,^l,.Br,-I. 
-CO-OCHjand 

-CO-Ro.1 where Rci is C1-C4 alkyl or -9; 
where Rd is selected from the group consisting of 
-H, 
-ON, 

Ci-Cio alk}d; 
C1-C4 alkoxy; 

-CH2-OR<i.i where Rd.i is -H or C1-C4 alkyl, 
-CH2-N(Rd^)2 where the two Rd« are the same or different and are: 
Ci-CU alkyl, 

-CO-Rd^ where is CrC4 alkyl or -9, 
-CH2-0-C0-R<i.i where R^} is as defined above, 
-CH(0R<|.i)2 where Rd.i is as defined above and where the two R^-i 
together are: 

-CH2-CH2-, 

-CH2-CH2-CH2-, 

-CH2-C(CH3-)2-CH2-, 
-CH(-0-C0-Ra-i)2 where R<|.| is as defined above, 
-Si(R)3 where R is as defined above, 
-0-Si(R)3 where R is as defined above, 
-Sn(Rb.])3 where Rb-i is as defined above, 
-S-Rd.s where Rd.s is C1-C4 alkyl or -9, 
-N(R<|^)2 where Ra^ is as defined above, 
ere Rc and Rd taken together with the atoms to v^ch they are attached to form 




where E| are the same or different and are: 
-H, 
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Ci-C4alkyi. 
-F,<;i,-Br,.l, 
-OEm where Em is: 

5 C1-C4 alkyl, 

• -cpor 

-SiE|.2Ei.3Ei^ where E|.2» E1.3 and Em are the same or different 
and are Ci-Q alkyi or C1-C4 alkoxy, 

-S-Eus where Ei.s is €{-€4 aik^ or -9, 
10 -S-(0)i.2-Ei.s where Els is as defined above, 

"N(Rd^)2 where the two R^M are the same or different and are as 

defined above, 

-P(0)(0-E|.|)2 where Em is as defined above, 
-Si(R)3 where R is as defined above. 
1 5 Further disclosed is a hydroxy compound of formula (IV-OH) 




(IV-OH) 



and a hydroperoxy compound (IV-O-OH) 




(IVOOH) 
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where Rj, R4, and are as defined for the cis and trans enedione (Hl-^is) and (JH- 
trans) and where R9, Ri 1 Rn and Rb are as defined above and where R7.2 is -H and 
C1-C4 alkyl optionally substituted with one or two -OH. 

Disclosed is a biscaibonyl compound of the formula (V) 

R17 



(V) 




'CO— CO— Rb 



where Ra, R4, R5 and R6 are as defmed for the cis and trans enedione (JBrCis) and (m- 
trans) and where R9, Ri 1 R17 and Rb are as defined above. 

Also disclosed is a cis oxyenedione of the formula (X-cu) 

Rl7 



(X-ds) 




1 0 and a trans enedione of the formula (K-trans) 

f?17 




(X-trans) 



where R3, R4, Rj and R^ are as defined for the cis and trans enedione QH-cis) and (HI- 
trans) and where R9, Ri 1 Rn, R^, Rc and Rd are as defmed above. 

Further disclosed is a 7a-unsaturated steroid of formula (XIV) 
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(XIV) 



where R3, R4, Rs and R6 are as defined for the cis and trans enedione (m-ctf ) and (ID- 
trans) and where R9, Ri 1 Rn, R^ and R4 are as defined above. 

Additionally disclosed is a 7a-preacid of the formula (XV) 




where R3, R4, R5 and R6 are as defined for the cis and trans enedione (JSl-cis) and (HI- 
trans) and where R9, Ri 1 R17 and are as defined above. 

Disclosed is a process for the preparation of a 7a-substituted steroid (II) of the 
formula 




(II) 



(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 
atoms to which they are attached; is -H:-H; 
15 (n) R3 is R3.3:R3^ and R4 is R4-3:R4^ where one of R3-3 and R3^ is -OR31 

where R31 is C1-C3 alkyl, the other of R3.3 and R>4 is taken together with one of R4.3 
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and R44 to form a second bond between the caibon atoms to which they aie attached, 
and the other of R4.3 and is -H; R« is R6-3:R64 where one of R6.3 and R^^ is taken 
together with K$ to form a second bond between the carbon atoms to which they are 
attached and the other of R6.3 and R^^ is -H; 
5 (m) R3 is a-R3.s:P*Rv6 where R3.S is -O-R31 and R34 is -OR32 where Rai and 

R32 are the same or different and are selected from the group consisting of 
C1-C3 alkyl and 

R31 and R32 are taken with the attached -O-C-0- to form a cyclic ketal 
of S or 6 atoms of the formula 

10 -(CH2HCR33R34)„1-(CH2)- 

where ni is Cor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
-H:-H; R^ is R6.5:R«^ where one of Re-s and R^ is taken together with Rs to form a 
second bond between the carbon atoms to which they are attached and the other of 
IS R6.sandR64is-H; 

(IV) R3 is a-R3.7:P-R3-8 where R3.7 is -O-R31 and Rs^ is -O-R32 where R31 and 
R32 are as defined above; R4 is R4.7:R44 where one of R4.7 and R44 is taken together 
with Rs to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R44 is -H; R^ is -H:-H; 
20 where R7.1, R9, Ri 1 and Rn, are as defined above; 

which comprises: 

(1) contacting a A^'^-3-keto steroid or ketal thereof (I) of the formula 




(I) 



where 

25 (I) R3 is O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the oth^ of 

R4.1 and R4.2 is taken together with R5 to form a second bond between the caibon 
atoms to which they are attached; 
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G-ketal) R3 is R3^:R3.to whm R3.9 is -O-R31 and R3.10 is -0-R32 y/bm R31 
and R32 are the same or different and are selected firom the group consisting of 
C1-C3 alkyl and 

R31 and R32 are taken with the attached -0-C-O- to form a cyclic ketal 
S of S or 6 atoms of the formula 

-(CH2HCR33R34)t.l-(CH2). 

where ni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
R4.9:R4.io where one of R4^ and R4.10 is taken together with R5 to form a second bond 
10 between the carbon atoms to which they are attached and the other of R4.9 and R4.10 is 



where R9, K\ 1 and Ri? are as defined above, with an adduct selected from 
compounds 

(a)ofthefonnula(A) 



where X]» Rb, Rc and R^ are as defined above, and 
where is selected from the group consisting of ~H, -ZnL, -BL, -SiL3, 
20 -SnLa, -Cu, -CuL, -AIL2, -HgL, -Ag, -MgL, -Li and -COOH, where L is ^H, C1-C4 
alkyl, -F. -CI, -Br, -I, -CN, -0(0,-03 alkyl), 2-thienyl. (CH3)2C(O.K(0-)C(CH3)2 and 




(A1) 



IS 



or 





(b)ofthe formula (A') 



Rb-C0-CHRb-CHRc-CO-R<i 



(A*) 



25 



where Rt>, Rc and R<i are as defined above; 
(c)ofthe formula (A") 
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O ^1 o 

"."^ \ 

where Re is: 

C-Qalkyl, 

-CCHCi-Q alkyl or -9), 
S -Si(R)3 where R is as defined above and where Xi, Rb, Rc and Rd are as 

defined above; 

(d) of the formula (B) 

Ra-CEi=M (B) 
where Re, Ei and M are as defined above; 
10 (e) of the formula (C) 

Ra-C^-E2 (C) 

where Ra and E2 are as defined above; 
(f) of the formulas (Dl, D2 and D3) 

R,.CH2-CH=CH2 (Dl) 
15 Ra-CH=C=CH2 (D2) 

Ra<;H2-C=C-H (D3) 
where R<i is as defined above, in the presence of: 

(1) a Lewis Acid, 

(2) a proton acid with a pKe of < about S or 
20 (3) a salt of a secondary amine of the formula 

O 



Rs-5 
where: 

Rs.2 is -H, C1-C4 alkyl, -<p, and -CH2-9; 
Rs-3is-H, C1-C4 alkyl; 
25 Rm is -H, CrC4 alkyl, np; 
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Rs-s is C1-C4 alkjl, np; 

and 




^ere 

5 Rs.2 is -H, C1-C4 alkyi, and -CH2-9; 

Rs-4 is -H, C1-C4 alkyl, -cp; 
Rs.5 is -H. C1-C4 alkyl, -9; 
with an acid of pKe of < about 2. 

Also disclosed is a process for purifying a 7a-substituted steroid of formula 
10 (n) where R,, R^, and R, are as defined for the 7a-substituted steroid (II) and where 
R,.p R,, R„ and R^are as defined above; which comprises: 

(1) crystallizing 7a-substituted steroid (II) which contains greater than 5% of 
7P-isomer fix)m a solvent selected from the group consisting of ethyl acetate, propyl 
acetate and butyl acetate. 
1 5 Further disclosed is a process for the preparation of a c&s-enedione of formula 

(m-cis) 




(lll-cfs) 



CO Rd 



where Ra, R4, R5 and R6 are as defined for the cis and trans enedione (ID-cis) and (III- 
trans) and where R?.!, R7.2> R9» Ri 1, Rn. Rb» Rc» Rd are as defined above; which 
20 comprises: 

(1) contacting a 7a-substituted stm>id of formula (II) 
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(") 



where R3» R4> Rs> R6» R9> R^i i and Rn are as defined above; with an agent 
selected fiom the group consisting of: 

(a) a halogenating agent in the presence of water and a base whose 
s conjugate acid has a pKa of > about 8, 

(b) an oxygen donating agent, 

(c) electrochemical oxidation, 

(d) a quinone in the presence of water or 

(e) nonquinone oxidants. 

10 Additionally disclosed is a process for the preparation of a /^-an^-enedione of 

formula (ni-irans) 




(Ill-trans) 



where R3, R4, Rs and R6 are as defined for the cis and trans enedione (JH-cis) and (m- 
15 trans) and where R9, Rn, R17, Rb, Rc and Rd are as defined above; which comprises: 
(1 ) contacting a c£s-enedione of formula (UI-cu) 
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(lll-cts) 



where R3, R4, R5, R^, R9, Rn, Rn, Rb, Rc and R<) are as defined above with an 
isomerization catalyst selected from the group consisting of: 
(a) a strong acid of pK« of < about 2; 
S (b) a tertiary amine whose conjugate acid has a pK^ > about 8 and 

(c) salt of a tertiary amine whose conjugate acid has a pKe > about 8, 

(d) l2, 

(e) (0,04)3?, 
(0<P3P> 

10 (g) heating to about 80**. 

Disclosed is a process for the preparation of a hydroxy compound of formula 
(IV-OH) 




(IV-OH) 



or a hydropeioxy compound of formula (IV-OOH) 
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(IV-OOH) 



or a biscarbonyl compound of fomula (V) 




or a carboxylic acid of formula (VI) 




or a mixture thereof, where R3, R4, Rs and R« are as defined for the cis and trans 
enedione (III-cl;) and (Ifl-trans) and where R7.2> R9> Ri u R|7, R|> are as defined above; 
which comprises: 

(1) contacting a w^nedione of the formula QE-cis) 
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(liiH:is) 



or a /roTur-enedione of the formula (Ul-trans) 




(Ill-trans) 



or a mixture thereof, where R3, R4, Rs, R6> Rp* Rib Ri7> Rb» Rc and R4 are as defined 
5 above, with ozone in the presence of an alcohol of the formula R7.2-OH, where R7.2 is 
as defined above. 

Also disclosed is a process for the preparation of a hydroxy compound of 
formula (IV-OH) 




(IV-OH) 



10 where Rs, R4, Rs and R« are as defined for the cis and trans enedione (jn<is) and (Ul- 
trans) and where R7.2, R9, Ri 1, R17 and Rb are as defined above; which comprises: 
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(1 ) contacting a hydroperoxy compound of fonnula (IV-OOH) 




(IV-OOH) 



where R3, R4» Rs» R61 R9> R17, Rb and R7.2 are as defined above with a 
hydroperoxy-deoxygenating agent 
5 Further disclosed is a process for the prq>aration of a carboxylic acid of 

formula (VI) 




or pharmaceutically acceptable salt thereof^ where R3, R4, Rs and R« are as defined for 
the cis and trans enedione (JR-cis) and (TJl'trans) and where R9, Ri 1 and R17 are as 
10 defined above; which comprises: 

(1) contacting a hydroperoxy compound of formula (IV-OOH) 




(IV<X)H) 
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where Rj, R4, R5, R«, R9> Rii. Ri Rband R?^ are as defined above; with a 
carboxyltc acid fonning agent selected from the group consisting of: 

(a) heat, 

(b) a base whose conjugate acid has a pK^ of about 5 or above, 

(c) an acid which has a pKa of less than about 3, 

(d) an acylating agent. 

Additionally disclosed is a process for the preparation of a carboxylic acid of 
formula (VI) 




(VI) 



CO— OH 



1 0 where R3, R4, R5 and are as defined for the cis and trans enedione (m-cu) and (O- 
trans) and where R9, R| 1 and R17 are as defined above; which comprises: 
(1) contacting a hydroxy compound of formula (IV-OH) 




(IV^H) 



15 or a biscaibonyl compound of formula (V) 
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(V) 



R4^ Re 



'CO— CO — Rb 



or mixture thereof, where R3, R4, Rs and R« are as defined for the cis and trans 
enedione (in-c(5) and (Hi-trans) and where R9, R| u Rp and Rb are as defined above; 
with an oxidatively cleaving agent. 
S Disclosed is a process for the preparation of a S,7-Iactone of formula (VII) 




(VII) 



where 

(Va) R2 is -H:-H; R3 is = O; R4 is -H:-H; 

(Vb) R2 is -H>H; R3 is RaaiRsb where both Rs. and Rsb are -OH and 

10 R4is-H:-H; 

where R9, Rn and R] 7, are as defined above; which comprises: 
(1) contacting a caiboxylic acid of formula (VI) 




(VI) 



""'CO— OH 



where 

IS (0 R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the 

other of R4.1 and R4^ is taken together with Rs to fonn a second bond between the 
caibon atoms to which they are attached; R« is -H:-H; 
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(HI) R3 is a-R3.s:P-R3^ where R3.5 is -O-R3! and Rs^ is -O-R32 where 
R31 and R32 are the same or different and are selected fiom the group consisting of 
CrC3 alkyl and 

R3] and R32 are taken with the attached -O-C-O to form a cyclic ketal of S or 
5 6 atoms of the formula 

KCH2)-(CR33R34)nl-(CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
'H:-H; R« is R6.s:R6-6 where one of R6.s and R6^ is taken together with R5 to form a 
1 0 second bond between the carbon atoms to which they are attached and the other of 
R«.s and R6^ is -H; 

(IV) R3 is a-R3.7:P-R3-8 where R3-7 is -O-Rsi and Rs^ is -O-R32 where 
R31 and R32 are as deSned above; R4 is R4.7:R4-8 where one of R4.7 and R4^ is taken 
together with R5 to form a second bond between the carbon atoms to which they are 
1 5 attached and the other of R4.7 and R44 is -H; R6 is -H:-H; 

where R9» R| 1 and Rj 7 are as defined above; with a reaction medium which has 
a pH of less than about S. 

Also disclosed is a process for the preparation of a S,7-lactone of formula (VII) 




where 

(Va) R2 is -H:-H, R3 is =0 and R4 is -H:-H; 
where R9, R| 1 and Ri 7 are as defined above; which comprises: 
( 1 ) contacting a caifooxylic acid of formula (VI) 
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where 

(I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R$ to form a second bond between the carbon 
5 atoms to which they are attached; is -H:-H; 

where R9, Ri 1 and R] 7 are as defined above; under anhydrous conditions with 
an anhydrous reaction medium of pH less than about S. 

Disclosed is a process for the preparation of a S,7-Iactone of formula (VII) 




10 where 

(Vc) R2 is -H>H, R3 is -0-R3a:-0-R3b where R}^ and Rab the same and 
are Ci-Cs alkyl or where Rja and Rab are taken together with the attached -O-C-O- to 
form a cyclic ketal of S or 6 atoms of the formula 

-(CH2HCR33R34)oI-(CH2)- 

ts whereni isOor 1; 

ydiere and R34 are the same or different and are -H and C| -C3 alkyU and R4 
is-H:.H; 

(VI) R2 is -H:-H; R3 is R3c:R3d and R4 is R4c:R4d where one of Rse and 
R3d is taken with one of R4C or R4d to form a second bond between the carbon atoms to 
20 which they are attached and the other of R3C and R3d is CH3-O- or C2H5-O-; 
and the other of R4C and R4d is -H; or 
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(Vn) R2 is R2e:R2f and R3 is RjerRjr where one of Rie and Rar is taken 
with one of R3e or Rjf to form a second bond between the carbon atoms to which they 
are attached and the other of Rie and R2f is -H, and the otho* ofRu and K^f is CHj-O- 
or C2H5-O-; or mixtures thereof; 
s where R9, R| 1 and Rn are as defined above; 




where 

(in) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and Rj^ is -O-R32 where 
R31 and R32 are the same or different and are selected from the group consisting of 
10 CrCa alkyl and 

R3 1 and R32 are taken with the attached -O-C-0- to form a cyclic ketal of S or 
6 atoms of the formula 

-(CH2HCR33R34)nKCH2)- 

where ni isOor 1; 

IS where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is > 

-H:-H; R« is R6.s:R64 where one of R6.s and R^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R6.S and is -H; 

(IV) R3 is a-R3.7:P-R3-8 where R3.7 is -O-R31 and R34 is -O-R32 where R3] and 
20 R32 are as defined above; R4 is R4.7:R44 where one of R4.7 and R44 is taken together 
with Rs to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R44 is -H; R^ is -H:-H; 

where R9, R| 1 and Rp are as defined above; with at least a catalytic amount of 

acid. 

25 Disclosed is a process for the preparation of a methyl ester of formula (Vm) 
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(VIII) 



CO-0— CH3 



where 



5 (I) R3 is = O; R4 is R4-i:R4.2 where one of R4-1 and R4.2 is -H and the other of 

R4.1 and R4-2 is taken together with Rs to form a second bond between the caibon 
atoms to which they are attached; R« is -H:-H; 

where R9» R| 1 and Ri 7 are as defined above; which comprises: 
(1) contacting a S»7-lactone of the formula (VII) 

f?17 



(VII) 



10 




where R4 is -H>H and where R3, R9, Ru and Rn are defmed above, with base, 



and 



(2) contacting the reaction mixture of step (1) with a methylating agent 
Also disclosed is a process for the preparation of a carfooxylic acid of the 
15 formula (VI) 




(VI) 



II » W "CO-OH 
or pharmaceudcally acceptable salts there of, where 
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(0 R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together mUx R5 to form a second bond between the carbon 
atoms to which they are attached; Re is -H:-H; 

where R9, R| u Rn are as defined above; which comprises: 
5 (1) contacting a S,7-lactone of formula (VU) 




where R4 is -H:-H; and where Ra, R9, R| 1 and Rn are as defined above, with a 
reaction medium which as a pH > 7. 

Further disclosed is a process for the preparation of a c£s-oxyenedione of the 
10 formula (X-cis) 




(X-cis) 



where Rj, R4, Rs, and R^ are as defined for the cis and trans enedione (Dl-cif ) 
and (JH'trans) and where R9, Ri 1, Rn* Rb, Rc and R^ are as defined above; M^iicb 
15 comprises: 

(1) contacting a 7a-substituted steroid of formula (II) 
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(II) 



where Ra, R4» Rs> and R6 are as defined for tiie cis and trans enedione (in-c£s) and (m- 
trans) and where R7.1, R9» Ri 1 and R17 are as defined above; with ozone in the 
presence of a C1-C4 alcohol and 
5 (2) contacting the mixture of step (1) with a hydroperoxy-deoxygenating agent. 

Additionally disclosed is a process 3SS. A process for the preparation of a 
Dra/tf-oxyenedione of the formula (Xrtrans) 




(X-trans) 



where R3, R4» R5, and R« are as defined for the cis and trans enedione QR-cis) 
10 and (lOrtrans) and where R9t Ri i> Ri7> Rb» Rc and Rd are as defined above; which 
comprises: 

(1) contacting a c£s-oxyenedione of the formula QC-cu) 




(X-ds) 



where R3, R4, Rs* R6> ^9* Ri !• Ri7> Rb. Rc and R<i are as defined above, with 
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an isomerization catalyst selected from the group consisting of: 

(a) a strong acid of pKa of < about 2; 

(b) a tertiaiy amine whose conjugate acid has a pKa > about 8 and 

(c) salt of a tertiary amine whose conjugate acid has a pKe > about 8, 

(d) l2. 

(e) (C,<:4)3P, 

(f) 93P. 

(e) heating to about 80^ 

Disclosed is a process for the preparation of a hydroxy compound of formula 
(IV-OH) 




(IV-OH) 



where R3, R4, Rs> and are as defmed for the cis and trans enedione (JSl-cis) 
and (m-trans) and where R7.3, R9, Ri i, R17 and Rb are as defined above; or a 
hydroperoxy compound of formula (IV-OOH) 



15 




(IV-OOH) 
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where R3, R4, R5, R6> ^%2, R91 Ri i> Rn and Rb are as defined above, or a 
biscarbonyl compound of fonnula (V) 




where R3, R4, Rs> R6> R9s Riit Ri7 and Rb are as defined above, or a caiboxylic 
5 acid of formula (VI) 




where R3, R4, Rs, R^, R9, Ru and Ri? are as defined above, or a mixture 
thereof, which comprises: 

(1) contacting an oxyenedione of the formula (X-cis) 




(X-ds) 



where Ra, R4, R5, R^, R9, Ri 1, R17, R^, Rc and R<i are as defined above or an 
oxyenedione of the formula (X-trans) 
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(X-trans) 



0 CO Rd 

where R3, R4, R^, R6, R9» Rii, Ri7» Rb> Rc and R<| are as defined above or 
mixture there of, with ozone in the presence of an alcohol of the formula R7.2-OH 
where R7.2 is as defined above. 
5 Also disclosed is a process to prepare a caifooxylic acid of formula (VI) 




or salt thereof where R3, R4, Rs, and R^ are as defined for the cis and tram enedione 
(jn-cis) and (JUrtrans) and where R9> Ri i and Rn are as defined above; which 
comprises: 

10 (1) contacting a 7a-substituted steroid of formula (U) 




(») 



where R3, R4, Rsf and Re are as defined for the cis and trans enedione (IBrcis) and (IH- 
trans) and where K%u ^ii and Rn, are as defmed above; with an agent selected 
firom the group consisting of: 
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(a) a halogenatiiig agent in the presence of water and a base whose 
conjugate acid has a pKn of > about 8, 

(b) an oxygen donating agent, 

(c) electrochemical oxidation, 

s (d) a quinone in the presence of water or 

(e) nonquinone oxidants; and 

(2) contacting the reaction mixture of step (1) with ozone in the presence of an 
alcohol of the formula R7.2-OH where R7.2 is as defined above; 

(3) contacting the reaction mixture of step (2) with a hydroperoxy 
10 deoxygenating agent and 

(4) contacting the reaction mixture of stq) (3) with an oxidatively cleaving 

agent. 

Disclosed is a process to prepm a carboxylic acid of formula (VI) 




(VI) 



CO-OH 



15 or salt thereof where R3, R4> Rs> and are as defined for the cis and trans enedione 
(ni-cis) and (ffl-Zrans) and where R9, Ri 1 and R17 are as defined above; which 
comprises: 

(1) contacting a 7a-substituted steroid of fonnula (II) 




(M) 



20 where Rj, R4, Rs, and Re are as defined for the cis and trans enedione OR<is) and (DI- 
trans) and where R7.U R9, Ri 1, Rn are as defined above with 
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(1) ozone in the presence of an alcohol of the formula R7.2-OH where R7.2 is as 
defined above; 

(2) contacting the reaction mixture of step (1) with a hydroperoxy 
deoxygenating agent and 

5 (3) contacting the reaction mixture of step (2) with an oxidatively cleaving 

agent 

Also disclosed is a process for the preparation of a carboxylic acid of formula 

(VD 




10 where R3» R4, Rs, and are as defined for the cis and trans enedione (Dl-cif) 

and (JE-trans) and where R9, K\ \ and Rn are as defined above, which comprises: 
(1) contacting a cis oxyenedione of the formula (X-cts) 




(X-cis) 



or a trans oxyenedione of the formula (K-trans) 
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(X-trans) 



or mixture thereof where R3» R4» Rs, and are as defined for the cis and trans 
enedione QH<is) and (Ui'trans) and viiere R9» Ri t , Ri7» Rb, R« and Rd are as defined 
above, with an oxidatively cleaving agent 
5 Also disclosed is a process for the preparation of a A^' ' ^- 1 7-lactone (CII) 



(CII) 




which comprises: 

(1) contacting a 1 la-hydioxy-17-lactone (CI) 




10 with a N-fluoroalkylamine reagent of formula (CVI) 



F C C H 



Z,— N 



I 



(CI) 



(CVI) 



where: 



Z| isC|-C4aIkyl; 
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Z2 is C1-C4 alkyi and where Z| and Z2 together with the attached nitrogen atom 
form a S- or 6-member heterocycle selected from the group consisting of pyrrolidinyl, 
piperazinyl, piperidinyl and moipholinyl; 

Zsis-For-CFa. 

S Further disclosed is a process for the preparation of a A^* '^-steroid (CV) 



(CV) 




where W5 is: 

(1) nothing, there is a double bond between C4 and Cs; 
1 0 (2) We is We-i : W6.2 where one of We-i or W^2 is taken together with 

Ws to form a second bond between the carbon atoms to which they are attached and 
the other of We-i and Wg^a is -H; 

(3) W5 is a-O- and W7 is a-W7.i:p-W7-2 where W7.1 is -CO- resulting 
in a lactone (-0-C0-) with the oxygen atom bonded to the C-S position in the a- 
15 conflguration and the carbonyl group bonded to the C-7 position in the a- 
configuration, W7.2 is -H; 
where We is: 

(1) -H;-H; 

(2) is W6.3:W«m4 where one of W6.3 and We^ is taken together with Ws 
20 to form a double bond between C-S and C-6 and the other of W6.3 and Wm is -H; 

(3) is W6.3:Wm and W7 is W7o:W7^ v/here one of Wm and Wg^ is 
taken together with one of W7.3 or W?^ to fomi a double bond between C-6 and C-7, 
the o&er of W6.3 and Wm is -H, the other of W7.3 and W?^ is -H; 

where W7 is: 

25 (1) o-W7-5:P-W7^ where W7.5 is: 

(a) -H. 

(b) -CsN, 

(c) -CsC.H, 
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(d) -CH=CH-CH3. 

(e) -CO-OH, 

(f) -CO-OW7.5A where W7.3A is: 

(i)C,-C4alkyl. 

5 (ii) HP optionally substituted with one thru three C1-C3 

alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy, 

(g) Hp optionally substituted with one thru three C1-C3 alkyl, 
-F, -CI, -Br, -I, C1-C3 alkoxy. 

(h) -CO-SW7.5A where W7.5A is as defined above, 

10 (i) -CO-CH=CH-0-CO-W7.sA where W7.5A is as defined above, 

(j)-C(M:O.H, 
(k)-CH2-N02, 

(1) -S-CO-W7.5A where W7.5A is as defined above, 
(m) 5-methyIfur-2-yl, 
15 (n) 5-/-butylfiir.2.yl, 

and W?^ is -H; 

(3) a.W7.7:P-W7.8 where W7.7 is -H and W?^ is: 

(a) -H, 

(b) -0-C0-(C|-C4 alkyl), 

20 (c) -0-C0-0W7^ where W7-8A is: 

(i) CrC4 alkyl, 

(ii) Hp optionally substituted with optionally substituted 
with one thru three C1-C3 alkyl, -F, -CI, -Br, -I, Ci-Cs alkoxy, 

(iii) -CH2-9 where -9 is optionally substituted with one 
25 thru diree Ci-Cs alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy; which comprises: 

(1) contacting a 1 la-hydroxy steroid (CIV) 




(CIV) 
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where Ws, We and W7 are as defined above, with a N-fluoroalkylamine reagent of the 
fonnula(CVI) 



F — C C 

2i-N 



(CVI) 



I ' 

Z2 

where: 

S Zi is C1-C4 alkyl; 

Z2 is C1-C4 alkyl and where Z| and Za together with the attached nitrogen atom 
form a 5- or 6-memb^ heterocycle selected fiom the group consisting of pyrrolidine, 
piperazinyl, piperidinyl and moipholinyl; 

Zjis-For-^Fa. 

10 Additionally disclosed is a process for the preparation of a A^''^-7a- 

substituted steroid of the formula (B) 

R17 



(") 




where R] 7 is 

(1)=0; 

15 (3) a-Ri7.3-P-Ri7-4 where R17.3 is -OH and where Rp^ is: 

(a) -CaCH3, 

(b) --CO-CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7.5:P-Ri7-6 where R17.5 and Rn^ are taken with the attached 
20 carbon atom to form a three member epoxide containing -O-CH2- where the 

attachment of the -O is at R^^ in the P-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

(5) a-Ri7.7:p-R]7-8 where R17.7 and R^^ are taken with the attached 
carbon atom to form a five member lactone containing -0-CO-CH2'CH2- where the 
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attachment of the CH2- is at Rn.7 in the a-orientation and the attachment of the -O is 
at Ri74 in the ^-orientation; 

(6) -0-CH(OR|7.9)-CH2-CH2 where the bond finom the oxygen (-O) 
is one of the four bonds at C-17 in the ^-configuration and the bond firom the 

5 methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R^^ is -H or Cp 
C3alkyl; 

(7) a-Ri7-ii:P-Ri7-i2 where Rn-io is -(CH2)i-2-CH=CH2 and R17-12 is 

-OH; 

10 where R3, R4, Rs, and R^ are as defined for the cis and trans enedione (JOrcis) 

and (JSi-irans) and where R7.1 is as defined above, which comprises contacting a 1 la- 
hydroxy 7a-substituted steroid of the formula (II) 



(") 




where Ra, R4, Rs, R6 R7.1 and Rn are as defined above, with a N-fiuoroalkylamine 
1 5 reagent of formula (C VI). 

Disclosed is a process for the preparation of a A^^' '^-trans enedione of the 
formula (in-/>'an5) 

Ri7 




(Ill-trans) 



20 



where Ri7 is: 
(1)=0; 

(3) a-Ri7.3:P-Ri7-4 where Rn-a is -OH and where R17-4 is: 
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(a) -<:0-CH3, 

(b) -C0-CH2-0H, 

(c) -CO-CH2-0-CO-(CH2)o-3-CH3; 

(4) a-Ri7.s:^-Ri7-6 where K\%s and Rn^ are taken with the attached 
S carbon atom to form a three member epoxide containing -O-CH2- where the 

attachment of the -O is at Ri?^ in the P-orientation and the attachment of the CH2- is 
at R17-S in the a-orientation; 

(5) a-Ri7.7:P-Ri74 where R|7.7and Rn^ are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

10 attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the P-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond from the oxygen (-0) 
is one of the four bonds at C-17 in the P-configuration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 

15 to form a S member heterocycle containing one oxygen atom, where R17.9 is -H or Cr 
Caalkyl; 

(7) a-Ri7-n:p-Ri7-i2 where Rn-io is -(CH2)i.2-CH=CH2 and R17-12 is 

-OH; 

where R3, R4, Rs, and R^ are as defined for the cis and trans enedione (JSl-cis) 
20 and (Ul-trans) and where Rb, Rc and R<| are as defined above* which comprises 
contacting a 1 la-hydroxy cis enedione of the formula (TU-cis) 




(lll-cis) 



or a 1 la-hydroxy trans enedione of the formula QH-trans) 
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CO— Rd 



(Ill-trans) 



10 



15 



where R3, R4, R5, R6, R17, Rb, Rc and R<i are as defined above, with a N- 
fluoroalkylamine reagent of formula (CVI). 

Also disclosed is a process to prepare a A^^ ^^^carboxylic acid of the formula 



(1)=0; 

(3) a-R|7.3:P-Ri7^ where R17.3 is -OH and where Rn^ is: 

(a) -C0-CH3, 

(b) -C0^H2-0H, 

(C) -CO-CH2-0-CO-(CH2)a.3-CH3; 

(4) a-Ri7-5:P-Ri7^ where R17.5 and Rn^ are taken with the attached 



cazbon atom to form a Aree member q)oxide containing -O-CH2- where the 
attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 



(5) a-Ri7.7:P-Ri7-8 where Ri7.7and R^^ are taken with the attached 



caibon atom to form a five member lactone contaming -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the |)-orientation; 



(VI) 




II RcW 00-OH 

O Re 



or salt thereof where Rn is: 
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(6) -0-CH(ORi7.9)-CH2-CH2 where the bond from the oxygen (-0) 
is one of the four bonds at C-17 in the p-configuration and the bond from the 
methylene group {CRi "") is another of the four bonds at C-17 in the a-configuiation 
to form a S member heterocycle containing one oxygen atom, where Rt7^ is -H or Ci- 

5 Cjalkyl; 

(7) a-Ri7.ii:P-Ri7.i2 where Rn-io is -<CH2)i-2-CH=CH2 and R^-u is 

-OH; 

where Ra, R4, R5, and R6 are as defined for the cis and trans enedione (JR-cis) 
and (Bl'trans), which comprises 
10 (1) contacting a 1 la-hydroxy-hydroxy compound of the formula (TV-OH) 



(IV-OH) 




^4^^ Re I 



C OH 



or a 1 la-hydroxy-hydroperoxy compound of the formula (IV-OOH) 

R17 




^3 II R \\ 'CO 

O OH 



or a 1 la-hydroxy biscarbonyl compound of the formula (V) 



IS 




CO— CO— Rb 



(IV-OOH) 



(V) 
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where R3, R4. Rs, and R« are as defined for the cis and trans enedione (m-cis) and (HI. 
trans) and where R?^, Ri? and Rb, are as defined above, with a N-fluoioalkylamine 
reagent of formula (CVI) and 

(2) contacting the reaction mixture of step (1) with an oxidatively cleaving 

S agent. 

DETAILED DESCRIPTION OF THE INVENTION 
Eplerenone is 9a,l la-epoxy-17P-hydroxypregn-4-en-3-one-7a,21- 
dicaiboxylic acid, y-l^tone, methyl ester and as such contains a 7a<arbomethoxy 
substituent. It is useful as a pharmaceutical agent for the treatment of hypertension 

10 and congestive heart failure. A major difficulty in the production of eplerenone is 
introduction of the 7a-carbometfaoxy substituent The processes and intermediates of 
the present invention are improved processes for the preparation of eplerenone. 

CHART A discloses the general process of the invention when the adduct at 
the 7a-position, -R7.1 is (-A1). The process of the present invention begins with a 

1 S protected or unprotected A^*^-3-keto steroid (I). Since the steroid A-ring can be 

protected or not protected, CHART B discloses an improved process for protection of 
the A**^-3-keto steroid (I) starting material as a C-3 protected A^-^-S-ketal steroid (I-P). 
CHART C discloses an alternative route (ozonolysis) for transformation of the 7a- 
substituted steroid (II) to eplerenone (DC). CHART D discloses the general process 

20 when the steroid A-ring is uiq)rotected and R7.1 is die variable substituent (-A1). 
CHART E discloses the preferred process for the transformation of a A^*^-3-keto 
steroid or ketal thereof (I) to eplerenone (IX). CHART F discloses the revmible 
nature of the conversion of the caiboxylic acid (VI) with the S J-lactone (VII). 
CHART G discloses the general process of the invention when -R7.1 is (-A2). 

25 CHART H discloses the general process of the invention when -R7.1 is (-B), (-C)» 
(-Dl),(.D2)or(-D3). 

The first step in the process of CHART A is to prepare a 7a-substituted steroid 
(II) of the formula 
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(II) 



where 

(I) R3 is = O; R4 is R4.i:R4*2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R$ to form a second bond between the carbon 

S atoms to which they are attached; is -H>H; 

(II) R3 is R3.3:R3-4 and R4 is Ra-siRm where one of R3.3 and R3^ is -O-R31 
where R31 is C1-C3 alkyl, the other of R3.3 and R3^ is taken together with one of R4-3 
and R4^ to form a second bond between the carbon atoms to which they are attached, 
and the other of R4-3 and Rm is -H; R^ is R6-3:R6-« where one of R«.3 and R^^ is taken 

10 together with Rs to form a second bond between the carbon atoms to which they are 
attached and the other of R6.3 and is ~H; 

(in) R3 is a-R3.5:P-R3-6 where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 
R32 are the same or different and are selected from the group consisting of 
C|-C3 alkyi and 

15 R3 1 and R32 are taken with the attached -O-C-O- to form a cyclic ketal 

of 5 or 6 atoms of the formula 

-(CH2)-(CR33R34)n|-(CH2). 

where ni isOor 1; 

where R33 and R34 are the same or different and are -H and CrC3 alkyl; R4 is 
20 -Hr-H; R« is R^siR^ where one of R6.5 and R^^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R^5 and R^^ is -H; 

(IV) R3 is a-R3,7:P-R3^ where R3.7 is -O-R31 and Ry% is -O-R32 where R31 and 
R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R4-8 is taken together 
25 with Rs to form a second bond between the carbon atoms to which they are attached 
and the other of R4-7 and R^ is -H; R^ is -H:-H; 

where R7.1 is a molecular firagment of the formula (-A1) 
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or of the formula (-A2) 



Xi 



(-A2) 



where Xi is: 
-O-or 

-NXm- and where Xm is: 
-H, 

Ci-CUalkyU 

10 -CO-OXi.2 where Xi^ is C1-C4 alkyl or -CHr<p, 

-CO-X1.2 where X1.2 is as defined above, 
-CO-9 where -9 is substituted in the o-position with 

-CO.0-{CrC4 alkyl), 

-S02-(Ci-C3 alkyl). 

1 S -SO2-9 where 9 is optionally substituted with 1 or 2 

CrC4 alkyl, 
C1-C4 alkoxy; 
where Rb is selected from the group consisting of 
-H. 

20 CrC4 alkyl or 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 
C1-C4 alkoxy, 
where Rc is selected from the group consisting of: 
25 -H, 

CrC4 alkyl, 
C1-C4 alkoxy, 
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-0-Si(R)3 where the R's are the same or different and are -H, 
C1-C4 alkyl, -9, C1-C4 alkoxy and -OH, 
-F, -CI, -Br,. I, 
-CG-OCHjand 

S -CO-Rc-i where R0.1 is C1-C4 alkyl or -9; 

where R<i is selected fiom the group consisting of 

Ci-Cio alkyl; 

10 CrC4 alkoxy; 

-CH2-OIU.1 where R<n is or C1-C4 alkyl, 

-CH2-N(Rd4)2 whm the two Rd-6 are the same or different and 

are: 

C1-C4 alkyl, 

15 -9. 

-CO-R<i^ where R<|^ is C1-C4 alkyl or -9, 
-CH2-0-C0-Rd.i where Rd.i is as defined above, 
-CH(0R<|.|)2 where Rd-i is as defined above and where the two 
taken together are: 
20 -CH2-CH2-, 

-CH2-CH2-CH2-, 

^H2-C(CH3-)2-CH2-, 

-CH(-0-C0-Rd.i)2 where Rd.i is as defined above, 
-Si(R)3 where R is as defined above, 
25 -0-Si(R)3 where R is as defined above, 

-Sn(Rb-i)3 where Rb.| is as defined above, 
-S-Rd.5 where Rd-s is C]-C4 alkyl or -9, 
*N(R44)2 where R^^ is as defined above. 
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where Rc and Rd taken together with the atoms to which they are attached to foim 

El 




El 

where E| are the same or dififerent and are: 
■H, 

5 Ci-C4alkyl, 

-F.-CU-Br,-I, 
-OEm where Em is: 
-H. 

C1-C4 alkyl, 
10 -9 or 

-SiE1.2E1.3EM where E1.2, E1.3 and Em are the same or 
different and are C1-C4 alkyl or C1-C4 alkoxy, 

-S-E1.5 where E1.5 is C]-C4 alkyl or Hp, 
-S-(0)|.2-Ei.5 where E|.s is as defined above, 
15 -^N(Rm)2 where the two R<i^ are the same or different and are 

as defined above, 

-P(0)(0-Ei.i)2 where Em is as defined above, 
-Si(R)3 where R is as defined above; 

-CEi=M (-B) 
20 where E| is as defined above and 

where M is: 

(1) =0, 

(2) =N-E2 where E2 is selected from the group consisting of 

-H 

25 C1-C4 alkyl, 

Ci'Ca alkenyl containing 1 or 2 double bonds, 
C1-C4 alkynyl containing 1 triple bond, 
-CO-OE2.1 where E2.1 is -H or C|-C4 alkyl, 
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-C(E2.i)2*OE2.2 wheie E2.1 are the same or different and are as 
defined above and where E2.2 is 

C1-C4 alkyl, 
-9 or 

5 -Si(R),where the three Rare the same or different and 

are defined above, 

•OE2.2 where E2.2 is as defmed above, 
-S-E2.3 where E2.3 is C1-C4 alkyl or -9, 
-S-(0)i.rE2.3 where £2.3 is as defined above, 
10 -N(Rd4)2 where the two R^e are the same or different and are as 

defined above; 

-Si(R)3 where the three Rare as defined above; 
(3) =€(£2)2 where the E2 are the same or different and are as defined 

above, 

1 s where Ei and E2 are taken together with the atoms to which they are attached 

to form a ring of S thru 7 members, optionally containing 3 thm S 
-0-, 

-N=, 

20 -NXm- where X|.| is as defined above, 

-CE2= where E2 is as defined above, 

-C(Rb)2- where Rb is as defined above, and optionally containing 1 or 2 
additional double bonds; 

-C^-E2 (-C) 
25 where E2 is as defined above; 

-CH2-CH=CH2 (-D1) 
-CH=C=CH2 (-D2) 
^H2-<>C-H (-D3) 

where R9 is: 
30 (l)-H, 
(2)-^H. 



.55- 



wo 03/08289S 



PCT/US03/07793 



(3) -0-(HYDROXY PROTECTINO GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consistine of 

.Si(-CH,)3. 
-Si(-CH2-CH3)3, 
5 -CO-CH3, 

-co-Hand 
-SiH(CH,)2, 

(4) -F; 
where R| I is: 

10 (i)=o, 

(2) -H:-H, 

(3) ot-R||.i:^R||.2 where Rim is: 

(a) -H. 

(b) -0-R)i-3 where R11.3 is: 
IS (i)-H, 

(ii) a HYDROXY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, and where R| 1.2 is: 
(8)-H. 

(b) -0-RiM where Rim is: 
20 (i)-H. 

(ii) a HYDROXY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, with the proviso that one of 
Ri |.| and R| 1.2 must be -H, 

(4) Rii.5:Ri 1-6 where one of R| 1^ or R| i^ and R9 are taken together 

25 with R9 to form a second bond between C-9 and C- II and the other of R| 1^ or R| i^ is 
-H. 

(5) a-R||.7:p-Rii4 where R11.7 and R9 are taken together with 
-O- to form an qx>xide between C-9 and C-1 1 and R| i-s is -H; 

where Ri7 is: 
30 (I)=0; 

(2) a-Ri7.i:P-Ri7-2 where R17.1 is: 
(a)-H. 
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group consisting of 



and are C1-C4 alkyl, 



(b) "feC-H, 

(c) -C^. 

(d) -C^-CH2-0-Ri7.i.i where Rn-i-i is selected fiom the 

(0-H, 

(ii) -Si(Ri7.|.2)3 where R17.1-2 are the same or different 



(iii) 1-ethoxyethyl, 

(iv) 2>tetrahydiopyranyl, 

10 (e) -C^-CH2-0-(HYDR0XY PROTECTING GROUP), 

where HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

1 5 (h) -CH2-CH2-CO-O ■ and where R17.2 is -OH; 

(3) a-Ri7.3*P-Ri7^ where R17.3 is -OH and where Rp^ is: 

(a) -C0-CH3, 

(b) -CO<:H2-0H, 

(c) -CO-CH2-0-CO-(CH2)o.3-CH3; 

20 (4) a-Ri7.s:^Ri7^ where R17.S and Rn^ are taken with the attached 

carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2- is 
at Rn-s in the a-orientation; 

(5) a-Ri7.7:P-R>i7-8 where R17.7 and R174 are taken with the attached 
25 caibon atom to form a five member ketone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the p-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond firom the oxygen (-0) 
is one of the four bonds at C-17 in the p-configuration and the bond firom the 

30 methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a 5 member heterocycle containing one oxygen atom, where R^^ is -H or C|- 
C3 alkyl; 
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(7) a-Ri7.i i:P-Ri7-i2 where R,7.io is -<CH2)|.2-CH=CH2 and R|7.,2 is 
-OH; whidi comprises: 

(1) contacting a A^*^-3-keto steroid or ketal thereof (I) of the foimula 




(I) 



5 where 

(I) R3 is = O; R4 is R4.i:R4-2 where one of R4-1 and R4-2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; 

(I-ketal) R3 is R3-9:R3.io where R3.9 is -O-Ryi and R3.10 is -O-R32 where R31 
10 and R32 are the same or different and are selected from the group consisting of 
C1-C3 alkyl and 

R31 and R32 are taken with the attached -O-C-0- to form a cyclic ketal 
of S or 6 atoms of the formula 

-(CH2HCR33R34)nl-(CH2)- 

IS whereni isOor 1; 

where R33 and R34 are the same or different and are -H and Ct-Cs alkyl; R4 is 
R4.9:R4.io where one of 84^9 and R4.10 is taken together with R5 to form a second bond 
between die caifoon atoms to which they are attached and the odier of R4.9 and R4.10 is 
-H; 

20 where R9, R| 1 and Rp are as defined above» with an adduct selected from 

compounds 

(a) of the formula (A) 




or 
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(A2) 

where X|, R», R« and R41 aie as defined above, and 
where R, is selected fiom the group consisting of-H, -ZnL, -BL, -SiLs, 
-SnLs, -Cu, -CuL, -AIL2, -HgL, -Ag, -MgL, -li and -COOH, when L is -OH, Ci-CU 
5 alkyi, -F, -d, -Br, -I, -CN. -0(Ci-C3 alkyi), 2-thienyl, (CH3)2C(0-)-C(0-)C(CH3)2 and 
,0— 



(b) of the foimula (A') 

Rb-CO-CHRb-CHRc-CO-Rd (A*) 
where Rb, Rc and Rd are as defined above; 
10 (c)ofthe formula (A") 

• - (A-) 




where is: 

C)-C4 alkyi, 

-C0-(C|-C4 alkyi or np), 
15 -Si(R)3 where R is as defined above and where X|, R<. and R<i are as 

defined above; 

(d)oftheformub(B) 

Ro-CE,=M (B) 
where Re, Ei and Mare as defined above; 
20 (e) of the formula (C) 

Ra.C^-E2 (C) 

where R« and E2 are as defined above; 
(f) of the formulas (DU D2 and D3) 

R,-CH2-CH=CH2 (Dl) 

25 Re-CH=C=CH2 (D2) 
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Re-CH2-C^-H (D3) 
where Re is as defined above, in the presence of: 

(1) a Lewis Acid, 

(2) a proton acid with a pKo of < about S or 

5 (3) a salt of a secondary amine of the formula 

O 

where 

Rs.2 is -H, Ci-C4 alkyl, -q>, and -CH2-9; 
Rs.3is-H, CrC4 alkyl; 
10 Rs^ is -H, C1-C4 alkyl, -q>; 

Rs-s is -H, C1-C4 alkyl, np; 

and 

H 

where 

1 5 Rs-2 is -H, Cx-Ca alkyl, -(p, and -CH2-9; 

Rs-A is -H, Ci-C4 alkyl, -<p; 
Rs-j is -H, CrC4 alkyl, np; 
with an acid of pK^ of < about 2. 

For the A^-3-keto or ketal thereof (0 starting material it is preferred that R3, R4 
20 and Rs are (0 R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the other 
of R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R6 is -H:-H. 

For the 7a-substituted steroid (II), there were four sets of steroid A-/B-rings 
identified above. Groups (I), (III) and (IV) are operable in the processes of the present 
25 invention. However, group (II) where R3 is R3.3:R^4 and R4 is R4.3:R44 where one of 
R3.3 and R3^ is -O-R31 where R31 is C1-C3 all^l, the other of R3.3 and R3^ is taken 
together with one of R4.3 and Rm to form a second bond between the carbon atoms to 
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which they are attached, and the other of R4.3 and R4-4 is -H; is R«.3:R^ where one 

of R«.3 and is taken together with Rs to fonn a second bond between the carbon 

atoms to which they are attached and the other of R6.3 and R^^ is -H; is a A^*^-3,3- 

dialkoxy ring system which, as such, can not be transformed to the other intermediates 
S of the present invention. It is useful because it can be transformed to the 

corresponding A^-3-keto steroid A-/B-ring system which is useful in the processes of 

the present invention. 

For the Ta-substituted steroid (II) and other steroidal compounds of the 

invention, except the S,7-bislactone (VII), with regard to the steroidal AVB-rings, it is 
10 preferred that R3, R4, Rs and R^ are selected firom the group consisting of: 

(I) R3 is = O; R4 is R4.]:R4.2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 

atoms to which they are attached; R^ is -H:-H; 

(ID) R3 is a-R3.s:P-R3-6 where R3.5 is -OR31 and R^^ is -O-R32 where R31 and 
IS R32 are taken with the attached -O-C-O- to form a cyclic ketal of S atoms of the 

formula -(CH2)-(CR33R34)nr(CH2)- where ni is 0; R4 is -H:-H; R6 is R^-s^R^^ where 

one of R6.S and R6^ is taken together with R5 to form a second bond between the 

carbon atoms to which they are attached and the other of R6.s and lU^ is -H; 

(in) R3 is a-R3.s:p-R3^ where R3.S is --OR31 and R3^ is -O-R32 where R31 and 
20 R32 are taken with the attached -O-C-O- to form a cyclic ketal of 6 atoms of the 

formula •(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 

R4 is -H:-H; is R6.5:R64 where one of R^s and R6^ is taken together with R5 to 

form a second bond between the carbon atoms to which they are attached and the 

other of R6.S and Rs^ is -H. 
23 For the 7a-substituted steroid (II) and other steroidal compounds of die 

invention, excq>t the S,7-bislactone (VII), with regard to the steroidal A-/B-rings, it is 

more preferred that R3, R4, Rs and Re are: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 
30 atoms to which they are attached; R« is -H:-H. 

With regard to the steroidal C-ring, it is preferred that R9 and Ri 1 are: 
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(a) R| 1 is Ri i.s:Ri 1-6 where one of Rt |.s or R| 1^ and R9 are taken 
together with R9 to form a second bond between C-9 and C-1 1 and the other of Ri i.s 
orRiMis-H, 

(b) a-Ri i.7:P-Ri where Ri 1.7 and R9 are taken together with -O- to 
S form an epoxide between C-9 and C-1 1 and Ri 1^ is -H, 

(c) R9 is -H and Ri i is a-Rn.i :P-Ri 1.2 where R| m is -0-R| 1.3 where 
Rt 1.3 is "U, and where Ri 1.2 is -H. It is more preferred that R9 and Rn are: 

(a) Ri I is Ri i.5:Ri 1^ where one of R| 1.5 or R| 1^ and R9 are taken 
together with R9 to form a second bond between C-9 and C-1 1 and other of Ri 1.5 or 
to Rii^is-H. 

With regard to the steroidal D-ring, it is preferred that Ri? is selected from the 
group consisting of: 

(a) a-Ri7.7:P-Ri74 where R17.7 and Rn^ are taken with the attached 
catbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

I s attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R17-8 in the p-orientation, 

(b) =0; 

(c) a-Ri7.i :P-Ri7.2 where Rn-i is -feC-H and where R|7_2 is -OH, 

(d) -CsC.CH2-0-R,7.M. 

20 With regard to the 7a-substituted steroid (II), it is preferred that R7.1 is 

substituent of formula (-A1). It is also preferred that Xi is -0-. It is prefened that R)> 
and Rc are -H and it is preferred that Rd is C| alkyl. It is preferred that Re is -H. It is 
preferred that for R^ that L is 
-ZnL is -CI, -Br, -1; 
25 -BL is catecholate, 

two -OH, 
Ha-CH2-CH2-OH. 
HaCH2-CH2-CH2-OH, 
HO-CH2-C(CH3)2-CH2-OH; 
30 -SiLs is Ct alkyl; 

-SnLs is C| or /i-Ca alkyl; 
-CuL is 2-thienyl or -CN and 
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-AIL2 is C1-C2 alkyl. 
When Re is Cu, there can be two Ra groups for one Cu in which case the Cu is 
anionic. 

The preferences for the variable substituents R3, R4» Rs* R«> R7.1t R91 Rii» Ri7> 
S R«, Rb» Rc» Rd and X| are not just for the A^'^-3-keto steroid or ketal thereof (I) and/or 
the 7a*substituted steroid (II), but rather are for all the compounds (I) thru (XV) of the 
invention, except as expressly noted. Similarly, the preferences for other variable 
substituents such as R7.2 discussed below and/or chemical reagents used in this patent 
such as oxygen donating agent, halogenating agent, isomerization catalyst, 
10 hydroperoxy-deoxygenating agent, acid forming agent, acylation catalyst, oxidatively 
cleaving agent, deoxygenating agent, are defined Ae same diroughout the patent as the 
first time th^ are discussed. Since many of these variable substituents and chemical 
reagents are referred to numerous times, it would be redundant each time they are used 
to repeatedly mention what is included, >^at is preferred and more preferred. 
15 It is pref»red that the acid reactant be a Lewis acid. The Lewis acid must be 

electrophilic enough to complex with the A^'^-3-keto steroid or ketal thereof (I), but 
not so electrophilic that it complexes with the nucleophilic reagent (Al) , (A2), (B), 
(C), (Dl), (D2) or (D3) as is known to those skilled in the art. Further, it is preferred 
that the Lewis Acid be used in the presence of an alcohol selected from the group 
20 consisting of C1-C3 alcohols, ethylene glycol, 1,2- or 1,3-propyIene glycol, 2,2- 

dimethyl- or 2,2-diethyl-l ,3-propylene glycol and phenol. It is more preferred that the 
alcohol be a Ci-Ca alcohol or mixture thereof. Useful Lewis acids include those 
selected fiom the group consisting of 

BX3, AIX3. SnX2, SnX4, SiX4, MgXj, ZnXj, TiX4, 
25 Rh(acac)(CH2CH2)2(2,2 -bis(diphenylphosphino)- 1 , 1 -binaphthyl), 

Rh(CHa-CsN)2(cyclooctadiene)(BF4), 

Rh(acac)(CH2CH2)2(dppb), 

LiC104, 

KIO Montmorillonite clay, 
30 Yb(0Tf)3. 

LiCo(B9C2Hii)2, 
PdX2, 
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CrXj, 
FeX3, 
C0X3, 
NiX2, 

5 SbXs, 
InX3, 
Sc(OTQ3, 
q>3C*X" 

(R)3SiX where R is C1-C4 alkyl and Hp; where X is selected from the group 
10 consisting of F, Cr, Bf , F, -O-SO2CF3", ?Ft\ BF4", and CIO4'; 

Pd(CH3-COO-)2; 

BF3-diethyletherate complex; 

BFs-acetic acid complex; 

BF3-methyI-/-but^ ether complex; 
15 BF3-di-n-butyletherate complex; 

BF3-dimethyletherate complex; 

BF3-dimethylsulfide complex; 

BF3-phenol complex; 

BF3-phosphoric acid complex and 
20 BF3-tetrahydrofuran complex. It is preferred that the Lewis acid is selected 

from the group consisting of BFs, BF3-diethyletherate complex, BFs-acetic acid 
complex, BF3-methyl-r-butyl ether complex, BF3-di-«-butyletherate complex, BF3- 
dimethyletherate complex, BF3-dimethylsulfide complex, BFs-phenol complex, BF3- 
phosphoric acid complex and BF3-tetrahydrDfuran complex. It is more preferred that 
25 the Lewis acid is BFs-diethyletherate. It is even more preferred that the BF3- 

diethyletherate is used in the presence of C1-C3 alcohol and still more preferred is the 
use of the BF3-diethyletherate in die presence of C2 alcohol. Useful acids with a pKa 
of < about S are selected from the group consisting of formic acid, acetic acid, 
propionic acid, benzoic acid, acid, hydrofluoric acid, fluoroboric acid, p- 
30 toluenesulfonic acid, methanesulfonic acid, benzenesulfonic acid, 

trifluoromethanesulfonic acid, perchloric acid, trifluoroacetic and trichloroacetic. It is 
preferred that the acid with a pK^ of < about S is acetic acid. When performing the 
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transformation of the A^*^-3-keto steroid or ketal thereof G) to the corresponding 7a- 
substituted steroid (D). at least one equivalent of the reagent of formulas (A), (B) or 
(C) should be used, it is preferable to use from one to two equivalents. Use of 
additional reagent is not a problem, but rather a waste of compound. The reaction can 
5 be carried out in a variety of solvents, such as in a solvent/solvent mixture selected 
from the group consisting of: 
Ci-C6 alcohols, 

a solvent mixture of Ci-Q alcohols and a solvent selected from the group 
consisting of acetonitrile, nitromethane, toluene, methylene chloride and acetic acid. 

10 One factor to be considered in selecting a Lewis acid and solvent is the acid soasitivity 
of the 7a-substitut6d steroid (D). The reaction must be performed with a Lewis acid 
and in a solvent where the product is stable as is known to those skilled in the art It is 
preferred that the solvent be a protic solvent, one that has a pKa of less dian about 19. 
The reaction can be performed in a temperature range of from about -78^ to about 60°; 

IS preferably in a temperature range of from about -40° to about -15^ It is more 

preferred to perform the reaction at about -20^ The reaction normally will take from 
a few hours to a day depending on the number of equivalent used and the reaction 
temperature. 

Useful 7a-substituted steroids (II) include those selected from the group 
20 consisting of: 

l7p-hydroxy-7a-(5'-methyl-2*-furyl)-pregna-4,9KUen-3K)ne-2lH»ibo 
acid, Y-lactone, 

I la,l 7pHiihydroxy-7a<5'Hnethyl-2*-fiiryl)-pregn-4-en-3-one-2 iKjai^ 
acid, Y-lactone, 

25 9a,l la-epoxy-17p-hydroxy-7a-(5'-methyl-2'-furyl>pregn-4-en-3-one-21- 

carboxylic acid, y-lactone, 

17p-hydroxy-7aK5'-t-butyl-2'-furyl>pregna-4,9(llHienOH)ne-2lK»rbox 
acid, ^lactone, 

I I a, 1 7 p-dihydroxy-7a-(5 •-t-but^-2 ' -fuiyl)-pregn-4-en-3-one-2 1 -caiboxylic 
30 acid, T-lactone, 

1 1 a, 1 7p-dihydroxy-7a-<4'^)romo-2'-furyl)-prcgn-4-en--3-one-2 1-caiboxylic 
acid, y-lactone. 
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1 1 a, 1 7p-<iihydroxy-7a-<4*-me%l-2'-fuiyl)-pregn-4-cn-3-one-2 1 -carboxylic 
acid, Y-ldctone and 

7a-allyl-17P-hydroxypregna-4,9(l l}-dien-3-one, 21-caiboxylic acid, y-lactone. 
Rather than canying the 7a-substituted steroid (II) on to the next step in situ^ it 
5 is preferred to isolate and purify the 7a-substituted steroid (II) before performing the 
next step. The preferred method of purification of the 7a-substituted steroid (II) is by 
crystallization. The process for purifying the 7a-substituted steroid of formula (D) 
comprises crystallizing the 7a*substituted steroid (II), which contains greater than 5% 
of the 7P-isomer fiom a solvent selected fix>m the group consisting of ethyl acetate, n- 
10 propyl acetate and butyl acetate. It is preferred to obtain the 7a-substituted steroid (0) 
in greater than 99.8% isomeric purity and it is preferred that the crystallization solvent 
is n-propyl acetate. Crystallization co-solvents may be used. 

The next step in the process of CHART A, is the conversion of the 7a- 
substituted steroid (II) to the corresponding cis-enedione {JH-cisX by an oxidative 
1 5 process which comprises ( 1 ) contacting the 7a-substituted steroid of formula (II) with 
an agent selected fiom the group consisting of: 

(a) a halogenating agent in the presence of water and a base whose conjugate 
acid has a pK^ of > about 8, 

(b) an oxygen donating agent, 
20 (c) electrochemical oxidation, 

(d) a quinone in the presence of water or 

(e) nonquinone oxidants. It is preferred that the agent be a halogenating agent 
Useful halogenating agents include those selected fiom the group consisting of 
dibromodimethylhydantoin, dichlorodimethylhydantoin, diiododimethylhydantoin, N- 

25 chlorosuccinamide, N-bromosuccinamide, N-iodosuccinamide, trichloroisocyanuric 
acid, f-butylhypochlorite and 3-bromo-l-chloro-S,5-dimethyIhydantoin; it is preferred 
that the halogenating is dibromodimethylhydantoin. When using a halogenating 
agent, the amount used should be at least one equivalent of the halogenating agent; 
preferably from about 1 .0 to about 1 .OS equivalents of the halogenating agent are 

30 used. It is more preferred that the amount of halogenating agent be about 1.01 

equivalents. The reason is that one equivalent is required to complete the reaction but 
any excess needs to be quenched. Suitable quenching agents include bisulfite. 
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isobutylvinyl ether, 2-methylfuiBn and hypophosphorous acid. Usefiil oxygen 
donating agents include those selected from the group consisting of: 
aperacid, 

singlet oxygen followed by either phosphite or thiourea, 
5 triplet oxygen, 

hydrogen peroxide with a ketone selected from the group consisting of Q4-CO 
Qs where Q4 and Q5 are the same or different and are: 

C1-C4 alkyl optionally substituted with 1 thru 9 -CI or -F, and where 

the 

10 Q4 and Qs are taken together with the attached carbon atom to form a 

cyclic ketone of S thru 7 members and ketones of the formula: 




hydrogen peroxide in combination with methyltrioxoriieniiun, 
trichloroacetonitrile/hydrogen peroxide, 
trichloroacetamide/hydrogen peroxide, 
DDQ/water, 
20 /M:hloranil/water, 

.67- 



wo 03/082895 



PCT/US03/07793 



(p-C(CH3)2-0-OH or an alkylhydroperoxide in combination with a metal 
containing activator, where alkyl is fiom C4-C10 alkyl and metal containing activator 
is selected from the group consisting of Ti(isopropoxide)4, peroxotungstophosphate» 
VCXacetylacetonate)2 and MO hexacarbonyl. It is preferred that the oxygen donating 
5 agent is a peracid. Useful peracids include those selected from the group consisting 
of: 

(a) perbenzoic acid optionally substituted with 1 or 2 -Ci or-NOj, 

(b) percarboxylic acids of die formula Cn2(Q6)2ii2-i>i-C03H where n2 is 1 thru 4 
andQeis-H, -Clor-F, 

10 (c) pexphthalic acid and 

(d) magnesium peroxyphthalate. An excess oxygen donating agent present 
must also be quenched as was done for the halogenating agents. Base is required to 
neutralize the acid produced during the transformation of the 7a-substituted steroid 
(II) to the cif-enedione (III-c£s). Use bases include those selected from the group 

1 5 consisting of acetate, bicarbonate, carbonate, propionate, benzoate, dibasic phosphate 
and borate; it is more preferred that the base be acetate. For example, when the 
halogenating agent is dibromodimethylhydantoin, hydrobromic acid is produced. 
Hence, one equivalent of base per equivalent of acid produced is required. In practice, 
a slight excess is used, about 1 .5 equivalents. Suitable solvents for this reaction are 

20 those which are water miscible and which dissolves both the Ta-substituted steroid (11) 
and the halogenating agent or oxygen donating agent. Acetone and THF are preferred 
solvents. The reaction is performed at room temperature, about 20 to about 25^. The 
reaction takes a few hours depending on the reactivity of the oxygenating donating 
agent or halogenating agent. When formed, the cts-enedione (J]l<is) does not have to 

25 be isolated and purified, but rather can be used in subsequent transformations "as is" 
or in situ. It is preferred that the cu-enedione (JH-cis) is 17P-hydn>xy-7a-(cu-r,4'- 
dioxopent-2*-en-ryl)pregna-4,9(l l)-dien-3-one-21-carboxylic acid, y-lactone. Other 
oxidants useful for transformation of the 7a-substituted steroid (11) to the w-enedione 
QJl-cis) include quinones (listed elsewhere). The Ta-substituted steroid (II) is 

30 contacted with a stoichiometric amount of quinone and at least a stoichiometric 
amoimt of water in a water-miscible organic solvent The contacting is preferably 
done at around room temperature. In addition, the oxidation can be accomplished by 



-68- 



wo 03/082895 



PCT/US03/07793 



electrochemistiy. The electrochemical oxidation is accomplished by contacting the 
7a-substituted steroid GD with a sub-stoichiometric amount of a quinone (preferably 
DDQ) and at least a stoichiometric amount of water in an electrochemical cell using 
standard electrochemical techniques such as are described in US 4,270,994. Finally, 

5 the oxidation can be accomplished with non-quinone agents which include, manganic 
acetate, potassium permanganate, eerie ammonium nitrate, iodosobenzene, 
iodobenzenediacetate, iodobenzenebistrifluoroacetate, chromic acid (^Jones reagent'*), 
and lead tetraacetate. These reactions are typically nm in aqueous acetone as solvent 
at around room temperature (ZO-IS*"), although many water-miscible organic co- 

10 solvents can be used in place of acetone. Other oxidizing agents that effect this 
transformation include hydrogen peroxide or an organic hydroperoxide (listed 
elsewhere) in combination with a metal catalyst such as methyltrioxoriienium, 
palladium acetate, ruthenium trichloride, or ruthenium tetroxide. These reactions can 
be run in any solvent in which the Ta-substituted steroid (H) is soluble such as 

IS methylene chloride, acetone, etc. The reactions involving ruthenium catalysts are 
preferably run in aqueous acetonitrile. 

In the process of CHART A, the m-enedione (lUrcis) can be transformed to 
the corresponding /^'ans-enedione (Hl'trans) or it can be converted to the peroxy 
compound (IV-OOH), the hydroxy compound (IV-OH), the biscaibonyl compound 

20 (V) or the carboxylic acid (VI) or mixture thereof. When the term caiboxylic acid 
(VI) is used, it refers to and includes the pharmaceutically acceptable salts thereof. 
These will include the sodium, potassium, lithium, magnesium, tetrabutylammonium 
and the caiboxylic acid salts with DBU, tetramethylquanidine, triethylamine and 
others. The identity of the particular cation is not important since eventually it is lost 

25 when forming an acid which ultimately is converted to the methyl ester (Vm) and 
eplerenone (DC) which requires a methyl ester at the 7a-position. It is preferable to 
convert the C£f-enedione (DI-c&s) to the corresponding Irons-enedione {lUrtrans) rather 
than convert the cu-enedione (JUrcis) to a mixture of peroxy (IV*OOH), hydroxy (IV- 
OH) and biscarbonyl (V) compounds. 

30 When the c£s-enedione (Ul-cis) is transformed to the corresponding trans- 

enedione (Hl-Zlraitf), the cu^-enedione (TOrCis) is contacted with an isomerization 
catalyst viliich can be either a chemical agent including: 
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(a) a strong acid of pK, of < about 2; 

(b) a tertiaiy amine whose conjugate acid has a pKo > about 8 and 

(c) salt of a teitiaiy amine whose conjugate acid has a pKe > about 8, 

(d) l2. 

5 (e)(C|-C4)3P. 

(f) q>3P» or a physical agent such as 

(g) heating to about SC. 

It is preferred that the isomerization catalyst be a strong acid of pK. of < about 
2. When the isomerization catalyst is a strong acid of pKa of < about 2, useful strong 

10 acids of pKa of < about 2 include those selected fix>m the group consisting of 

hydrochloric acid, bydrobromic acid, hydroiodoic acid, hydrofluoroic acid, sulfuric 
acid, phosphoric acid, nitric acid, trichloroacetic acid and trifluoroacetic acid, it is 
preferred that the strong acid of pK^ of < about 2 be hydrochloric acid When the 
isomerization catalyst is a strong acid of pK^ of < about 2, it is preferred that it be 

IS used in anhydrous form or if used in as an aqueous mixture that the reaction be 
performed as a two phase system with the aqueous phase being separate. When the 
isomerization catalyst is a tertiary amine whose conjugate acid has a pKa > about 8, 
useful tertiary amines whose conjugate acid has a pKa > about 8 include those selected 
from the group consisting of (Q3)3N were Q3 is C1-C3 alkyl, DBU, DBN, DABCO, 

20 pyridine, />-dimeth>daminopyridine and pyrrolidinylpyridine. When the isomerization 
catalyst is salt of a tertiaiy amine whose conjugate acid has a pKa > about 8, it is 
preferred that the salt of a tertiary amine whose conjugate acid has a pKa > about 8 be 
pyridine hydrochloride. Regardless of which chemical agent is used, only a catalytic 
amount is required. For example, after formation of the C£f-enedione OD-cu) just 

25 adding commercial chlorofonn containing the usual impurity of hydrochloric acid is 
sufBcient to effect the transformation to the corresponding />^flns-enedione QSl-trans), 
see EXAMPLE 4, Part 2. The isomerization of c«-enedione (Ul-cis) to the 
corresponding /^aiu-enedione (ffl-zroiw) can be performed at 20-25*' (room 
temperature). At room temperature, the reaction usually takes a few hours. It is 

30 necessary to monitor the course of the reaction by standard methods such as LC or 
TLC to ensure that it does not go too long. If the reaction goes too long, the reaction 
reforms the 7a-substituted steroid (U) with a A^-double bond. Once the reaction has 
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proceeded to coiiq>leteness where it is desirous to terminate the reaction, the reaction 
can be terminated as follows. When the isomerization catalyst is an acid or salt of a 
tertiary amine whose conjugate acid has a pK^ of > 8, one can terminate the reaction 
by washing with water. If aqueous acid is used as the isomerization catalyst, it is best 

S to separate the phases and then wash the non-aqueous phase with water. If die 

isomerization catalyst is a tertiary amine whose conjugate acid has a pKe of > 8, then 
the reaction mixture is washed with aqueous acid followed by water. The tram- 
enedione (JSrtrans) can be isolated and purified, however it is preferred not to isolate 
and purify it but rather carry it on in situ. 

10 In the process of CHART A, the next step is the conversion of either the cis- 

enedione (JHrcis) or l^ans-enedione (inrtrans\ or mixture thereof, to the 
corresponding hydroperoxy (IV-CX)H) compound, hydroxy (IV-OH) compound, 
biscarbonyl (V) compound and/or the caiboxylic acid (VI) or mixtures thereof. The 
cir-enedione (Ul-cis) or />'a/tf-enedione (HUtrans), or mixture there o( is transformed 

15 to the corresponding hydroxy compound, peroxy compound (IV -OOH), or biscarbonyl 
compound (V) or carboxylic (VI) by contacting the cis-enedione (IH-cw) or trans- 
enedione (lU'trans) or a mixture thereof, with ozone in the presence of an alcohol of 
the formula R7.2-OH where R7-2 is -H or C1-C4 alkyl optionally substituted with one 
or two -OH. This includes water, methanol, ethanol, propyl alcohol, isopropyl 

20 alcohol, ethylene glycol, glycerol, etc. It is preferred that R7-2 is -H, Ci or is iso-Cs; it 
is more preferred that R7.2 is a mixture of -H, Ct and iso-C3. This means a mixture of 
water, methanol and isopropanol is the preferred R7.2^H. The steroidal starting 
materials must be in solution using a solvent that will dissolve them at the cold 
temperatures at which it is preferred to perform this reaction. Methylene chloride is 

25 the preferred solvent. The reaction temperatures can be as low as about -100" up to 
about 40^ It is preferred that the temperature be from about to about -20**; it is 
more preferred that the temperature be about -SO". The lower the temperature, the 
more selectivity; the higher the temperature the less selectivity. Hence, the actual 
temperature used will depend on the particular reactants used and the degree of 

30 selectivity desired. The reaction is permitted to run until the starting material is 

reduced to a small amount The ozone must be stopped when the starting material is 
consumed or the ozone will destroy the product by reacting with the A^- and/or A^' 
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double bonds if present. The alcohol, R7.2-OH, is used in a large excess to efficiently 
trap the caibonyl oxide intermediate produced. Further, the reaction temperature, the 
time the reaction is peimitted to run and the nature of the particular alcohol, R7.2-OH, 
determines the identity of the product or if more than one product is produced, the 

5 ratio of products. If the alcohol, R7.2-OH, has a hindered R7.2 group, then the product 
is more likely to be the biscaibonyl compound (V), all other things being equal. 
Similarly, if the alcohol, R7.2-OH, does not have a hindered R7.2 group, such as 
methyl, then the product is more likely to be the hydroxy compound (IV-OH), all 
other things being equal. The prefeired product produced by the oxidation process is 

1 0 the caiboxylic acid (VI). 

The hydroperoxy compound (IV-OOH) can be converted to the corresponding 
hydroxy compound (IV-OH) by contacting the hydroperoxy compoimd (IV-OOH) 
with a hydroperoxy-deoxygenating agent. It is preferred to use a mild hydroperoxy- 
deoxygenating agent, one which both deoxygenates, and second does not add to the 

15 steroid molecule. Useful hydroperoxy-deoxygenating agents include those selected 
from the group consisting of: 

Q]Q2S where Qi and Q2 are the same or different and are C1-C4 alkyl or 

phenyl, 

bisulfite, 
20 sulfite, 

thiosulfate, 

tetrahydrothiophene, 

hydrosulfite, 

thioiuiea, 
25 butyl vinyl ether, 

(C1-C4 all^l)3 phosphine, 

triphenylphosphine, and 

tetrametbylethylene. It is preferred that the hydroperoxy-deoxygenating agent 
is dimethylsulfide. When the hydroperoxy-deoxygenating agent is bisulfite and 
30 sulfite, sodium and potassium are the preferred cations. One equivalent of the 

hydroperoxy-deoxygenating agent is required, but more then one equivalent, such as 
about two equivalents, are normally used to ensure that all of the hydroperoxy 
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compound (IV-OOH) is reduced. The reaction is performed at 20-2S^ and is usually 
complete in about 1 hour. The hydroxy compound (IV-OH) can be isolated and 
purified if desired, however, it is preferable to cany it on in situ without isolating or 
purifying it. It is preferred that the hydroxy compound (IV) is 17p-hydroxy-7a-(l *- 
5 oxo-2'-isopropoxy-2'-hydroxy-ethyl)pregna-4,9( 1 l)-dien-3-one-2 1-carboxylic acid, f- 
lactone. 

The hydroperoxy compound (IV-OOH) can be transformed to the 
corresponding carfooxylic acid (VI) by contacting the hydroperoxy conqmund (IV- 
OOH) with a carboxylic acid forming agent selected from the group consisting of: 
10 (a) heat, 

(b) a base whose conjugate acid has a pKo of about S or above, 

(c) an acid which has a pKa of less than about 3, 

(d) an acylating agent. When the carboxylic acid forming agent is (a) heat, the 
reaction mixture should be heated to the range of from about 30° to about 120°; 

1 S preferably from about 80° to about 90°. When the caiboxylic acid forming agent is, 
(b) a base whose conjugate acid has a pKe of about 5 or above, useful bases include 
inorganic bases selected from the group consisting of hydroxide, bicarbonate, and 
carbonate and organic bases selected from the group consisting of (Q3)3N were Q3 is 
C1-C3 alkyl, DBU, DBN, DABCO, pyridine and p-dimethylaminopyridine. It is 

20 preferred that the base is bicarbonate. Sufficient base is necessary to neutralize the 
steroid acid produced and aiiy additional acid by-products. When the carboxylic acid 
forming agent is, (c) an acid v^ich has a pKo of less than about 3, useful acids include 
those selected from the group consisting of hydrochloric acid, sulfuric acid, 
phosphoric acid, nitric acid and organic acids of the formula of Racid-i-COOH where 

25 Rodd-i is -H and C1-C3 alkyl optionally substituted with 1 thru 3 -CI and -F; preferred 
are formic acid and trifluoroacetic acid. While catalytic amounts of acid are 
sufficient, several equivalent are preferred. When the carbox^ic acid forming agent 
is, (d) an acylating agent, useful acylating agents are selected from the group 
consisting of R«cid>2-CO-0-CO-Rocid-2 where Recid-2 is 

30 -H, 

C]-C3 alkyl optionally substituted with 1 thru 3 -CI and -F and 
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-9. It is preferred that acylatiiig agent is acetic anhydride or trifluoracetic 
anhydride. One equivalent of the acylating agent is required. When using an 
acylating agent, it is preferred to use it with an acylation catalyst Preferred aeration 
catalysts are pyridine and p-dimethylaminopyridine (DMA?). With regard to 

S solvents, it is important to perform the process under homogenous reaction conditions 
to avoid decomposition of the hydroperoxy compound (IV-OOH). This means using 
one phase conditions. Therefore, the solvent of choice will depend on the carboxylic 
acid forming agent used. If the carboxylic acid forming agent requires water to 
dissolve the reagent sudi as when the carboxylic acid forming agent is bicarbonate, 

10 then a water nniscible organic solvent such as acetone, methanol, DMF or isopropanol 
is required. If the carboxylic acid forming agent is pyridine then the organic solvent 
can be a water immiscible organic solvent such as acetonitrile, methylene chloride or 
ethyl acetate. Hence, the selection of the solvent depends on the nature of the 
carboxylic acid forming agent used as is know to those skilled in the art. With the 

15 exception of the carboxylic acid forming agent (a) heat, the other acid forming agents 
(b), (c) and (d) can all be reacted at 20-25^ The reaction is quite fast and is usually 
over in less than one hour. 

Both the hydroxy compound (IV-OH) and the biscaibonyl compound (V) are 
converted to the corresponding carboxylic acid (VI) in the same manner. The process 

20 involves contacting the hydroxy compound (IV-OH) or the biscarbonyl compound 
(V), or mixture thereof, with an oxidatively cleaving agent. Useful oxidatively 
cleaving agents are selected from the group consisting of: 

(1) hydrogen peroxide with a carboxylic acid forming agent selected from the 
group consisting of: 

25 (a) heat, 

(b) a base whose conjugate acid has a pK^ of about S or above, 

(c) an acid which has a pK« of less than about 3, 

(d) an acylating agent and an acylation catalyst; 

(2) KHS05; 

30 (3) hydrogen peroxide with a ketone selected from the group consisting of Q4- 

CO-Q5 where Q4 and Q5 are the same or different and are: 

CrC4 alkyl optionally substituted with 1 thru 9 -CI or-F, 
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where the Q4 and Q5 are taken together with die attached caibon atom 
to form a cyclic ketone of S thru 7 members, and ketones of the formula: 




C^-Ci2 alM CrCi2 alkyl 

and 




(4) hydrogen peroxide in combination with methyltrioxoifaenium, 

(5) qhC(CH3)2-0-OH or an alkylhydroperoxide in combination with a metal 
containing activator, where alkyl is from C4-C10 alkyl and metal containing activator 

10 is selected from the group consisting of Ti(isopropoxide)4, peroxotungstophosphate, 
VO(acetylacetonate)2 and Mo hexacarbonyl; 

(6) peracids selected from the group consisting of 

(a) perbenzoic acid optionally substituted with 1 or 2 -CI or 

1 s (b) percarboxylic acids of the fonnula Cn2(Q6)2(a^i-C03H where m is 1 

thru 4 and Q6 is -H, -CI or -F, 

(c) perphthalic acid, 

(d) magnesium peroxyphthalate. It is preferred that the oxidatively 
cleaving agent is hydrogen peroxide with a carboxylic acid forming agent. When the 

20 carboxylic acid foiming agents are (a) heat, (b) a base whose conjugate acid has a pKa 
of about S or above, (c) an acid which has a pKa of less than about 3 or (d) an 
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acylating agent and an acylation catalyst, they should be used in the same manner as 
discussed above for the transfonnation of the hydioperoxy compound (IV-OOH) to 
the coiresponding carboxylic acid (VI). As stated above, one equivalent of the 
oxtdatively cleaving agent is required. Two equivalents are nonnally used and the 

5 reaction is monitored so that when the reaction nears completion it is stopped, or 
quenched, and woriced up before the oxidatively cleaving agent attacks the A^- and/or 
A '^-steroid double bonds. Hydrogen peroxide and bicaibonate are prefened as the 
oxidatively cleaving agent. With regard to solvents it is important to perfomi the 
process under homogenous reaction conditions, meaning one phase conditions. 

10 Therefore, the solvent of choice will depend on the oxidatively cleaving agent used. If 
the caiboxylic acid forming agent requires water to dissolve the reagent such as when 
the carboxylic acid forming agent is bicarbonate, then a water miscible organic 
solvent such as acetone, DMF, methanol or isopropanol is required. If the carboxylic 
acid fora:iing agent is pyridine then the organic solvent can be a water immiscible 

15 organic solvent such as acetonitrile, methylene chloride or ethyl acetate. Hence, the 
selection of the solvent depends on the nature of the carboxylic acid forming agent 
used as is known to those skilled in the art With the exception of the caiboxylic acid 
forming agent (a) heat, the other acid forming agents (b), (c) and (d) can all be reacted 
at 20-25^ The reaction is quite fast and is usually over in less than one hour. If the 

20 reaction mixture contains some hydroperoxy compound (IV-OOH), then it is useful to 
first treat the reaction mixture with a hydroperoxy-deoxygenating agent. It is 
preferred that the hydroperoxy-deoxygenating agent is dimethylsulfide. 

There are a nimiber of processes to transform a carboxylic acid (VI) to the 
corresponding 5,7-lactone (VU), where the C- and D-rings of the starting carboxylic 

25 acid (VI) and product S,7-lactone are the same. The processes differ depending on the 
nature of the steroid A-/B-rings of the starting carboxylic acid (VI). They use 
different reactants and produce S,7-lactones (VII) with different steroid A-/B-rings. 
One of these processes produces a S,7-lactone of formula (VII) 
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where 

(Va) R2 is -H:-H; R3 is = O; R4 is -H:-H; 

(Vb) R2 is -H>H; Ra is R^aiRjb where both Raa and Rsb are -OH and 

5 R4is-H:-H; 

where R9, R| 1 and Rn are as defined above, which comprises: 
(1) contacting a caiboxylic acid of formula (VI) 




where 

10 (I) R3 is = O; R4 is R4.i :R4-2 where one of R4.1 and R4.2 is -H and the 

other of R4.1 and R4.2 is taken together with R5 to fonn a second bond between the 
carbon atoms to which they are attached; R^ is -H>H; 

(HI) R3 is a-R3.5:p-R3-« where R3-5 is -O-R31 and Rj^ is -O-R32 where 
R3] and R32 are the same or different and are selected fipom the group consisting of 
15 CrCsaikyland 

R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal of S or 
6 atoms of the formula 

-(CH2HCR33R34)„I-{CH2> 

where ni is Oor 1; 

20 where R33 and R34 are the same or different and are -H and Ci-Cj alkyl; R4 is 
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-H:-H; R6 is R6-5:Rm where one of Rd-s and is taken together with R5 to form a 
second bond between the caibon atoms to which th^ are attached and the other of 
R«.3andR64is-H; 

(IV) R3 is a-R3.7:P-R3^ ^ere Rj.? is -O-R31 and is -O-R32 where 

5 R31 and R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R4^ is taken 
together with R5 to form a second bond between the caibon atoms to which they are 
attached and the other of R4.7 and R44 is -H; R« is -H>H; 

where R9, Ri 1 and Rn are as defmed above; with a reaction medium which has 
a pH of less than about 5. The conversion of the carboxylic acid (VI) to the 

1 0 corresponding 5,7-lactone (Vn) is an equilibrium reaction. The lower the pH used for 
the reaction medium the more the equilibrium shifts toward the S,7-lactone (VH), 
hence the desire to keep the pH less than 5 and preferably in the range of 1 thru 5. It 
is preferred to perform the reaction under anhydrous conditions; under anhydrous 
conditions it is preferred that the acid be a strong acid of pKa less than about 2. 

15 Useful strong acids include those selected from the group consisting of fluorosulfonic, 
chlorosulfonic, benzenesuIfonic,p-toluenesulfonic, methanesulfonic, 
tnfluoromethanesulfonic, trifluoroacetic, trichloroacetic, hydrochloric, sulfuric, 
phosphoric and nitric; it is preferred that the acid is benzenesulfonic,/>- 
toluenesulfonic or methanesulfonic acid. Alternatively, the process can be performed 

20 using aqueous acid as the catalyst. Under these conditions it is preferred to perform 
the process in a two-phase system. The amount of acid used in not very important and 
can be present in an amoimt from catalytic to excess. Bases are also operable to 
catalyze the reaction of the carboxylic acid (VI) to the corresponding 5,7-lactone (VII) 
as long as they are used in a catalytic amount Useful bases include those selected 

25 from the group consisting of hydroxide, bicaibonate, carbonate, DBU, DBN, DABCO, 
pyridine, p-dimethylaminopyridine, Qy-COO' where Q7 is -H, C1-C3 alkyl or-<p, 
(Q3)3N where Q3 is C1-C3 alkyl; preferred are hydroxide, bicarbonate, carbonate, 
triethylamine or pyridine. The solvents for the transformation of the carboxylic acid 
(VI) to the corresponding 5,7-lactone (VII) are helpful in effecting the equilibrium of 

30 the reaction. It is preferred to use a solvent in which the starting carboxylic acid (VI) 
is soluble and in which the 5,7-lactone (VII) is not soluble. That way the 5,7-lactone 
(Vn) precipitates out as it is formed pushing the equilibrium towards the desired 5,7- 
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lactone (Vn). A preferred solvent is acetone. This reaction is perfonned fiom about 
0^ to about 25® and is complete in a few hours. Depending on the pH of the reaction 
medium and solvent used, ratios of < 95/5 of caiboxylic acid (VI)/S»7-lactone (VII) 
are obtained. Since this process step is an equilibrium reaction, the pH of the reaction 
S medium helps control the final position of the equilibrium as is known to those skilled 
in the art 

A second process for producing a S,7-lactone of formula (VII) 




1 0 (Va) R2 is -H:-H, R3 is =0 and R4 is -H:-H; 

where R9, Rii and R17 are as defined above, comprises: 
(1) contacting a carboxylic acid of formula (VI) 




where 

IS (I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R«.2 is -H and the other of 

R4.] and R4.2 is taken together with R$ to form a second bond between the caibon 
atoms to which they are attached; R6 is -H>H; 

where R9, R| 1 and R17 are as defined above; under anhydrous conditions with 
an anhydrous reaction medium of pH less than about S. It is preferred that the 
20 reaction medium contains an acid which has a pKa of < about 4. Useful acids which 
have a pKa of < about 4 include those selected fiom the group conststmg of 
fluorosulfonic, chlorosulfonic, benzenesulfonic, /Koluenesulfonic, methanesulfonic, 
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trifluoromethanesulfonic, trifluoroacetic, trichloroacetic, hydrochloric, sulfiiric, 
phosphoric and nitric. It is preferred that the acid is benzenesulfonic, p- 
toiuenesulfonic or methanesulfonic. It is also preferred that the caxboxylic acid (VI) is 
reacted with the acid in a two-phase system. The process also includes reacting the 
5 caiboxylic acid (VI) with a catalytic amount of base. Useful bases include those 
selected fiom the group consisting of hydroxide, bicarbonate, carbonate, DBU, DBN, 
DABCO, pyridine, /^-dimethylaminopyridine, Q7-COO" where Q? is -H, C1-C3 alkyl 
or Hp, (Q3)3N where Q3 is C1-C3 alkyl. 

A third process for producing a S,7-lactone of formula (VII) 




where 

(Vc) R2 is -H:-H, Rj is -O-Raai-O-Rab where Rsa and Rab the same and 
are Ci-Ca alkyl or where Ra. and Rab are taken together with the attached -0-C-O- to 
form a cyclic ketal of 5 or 6 atoms of the formula 

15 -(CH2)-(CR33R34)n|-(CH2). 



where ni isOor 1; 

where Ras and R34 are the same or difTerent and are -H and C1-C3 alkyl, and R4 
20 is-H:-H; 

(VI) R2 is -H:-H; R3 is R3G:Rad and R4 is Rtc^IUi where one of R3e and 
R3d is taken vdth one of R4G or lUi to form a second bond between the carbon atoms to 
wiiich they are attached and the oth^ of R3C and R3d is CH3-O- or CaHj-O-; 
and the other of R4C and R4d is -H; or 
25 (VII) R2 is R2e:R2f and R3 is R3e:R3r where one of R2e and R2f is taken 

with one of R3« or Rar to form a second bond between the caibon atoms to vliich they 



-80- 



wo 03/082895 



PCTAJS03/07793 



are attached and the other of R2e and Rar is -H, and the other of Rae and Rsr is CHs-O- 
or C2HS-O-; or mixtures thereof; 

where R9, R| 1 and R17 are as defined above, comprises: 

(1) contacting a carboxylic acid of formula (VI) 




(VI) 



''CO — OH 



where 

(m) Ra is a-R3.5:p-R34 where R3.5 is -O-R31 and R3-6 is -O-R32 where 
R31 and R32 are the same or different and are selected from the group consisting of 
C1-C3 alkyl and 

to R31 and R32 are taken with the attached -0-C-O- to form a cyclic ketal of S or 

6 atoms of the formula 

-(CH2HCR33R34)„|-(CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are -H and Ci-Cs alkyl; R4 is 
IS -H>H; R^ is R^siR^ where one of R6.5 and Vt^ is taken together with R5 to form a 
second bond between the caibon atoms to which they are attached and the other of 
R6.9andR«^is-H; 

(IV) R3 is a-R3.7:P-R3^ where R3.7 is -O-R31 and Ra^ is -O-R32 where 
R31 and R32 are as defined above; R4 is R4-7:R4-8 where one of R4.7 and R4-8 is taken 
20 togedier with R5 to form a second bond between the carbon atoms to which they are 
attached and the other of R4.7 and R44 is -H; R^ is -H:-H; 

where R9, R| 1 and Rn are as defined above; with at least a catalytic amount of 
acid. It is preferred that the acid have a pKe of < about 4 and are as discussed above. 
The present invention includes a process for the preparation of a methyl ester 
25 of formula (Vm) 
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'<vCO— O— CH3 



(VIII) 



where 



(I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the 



10 



15 



other of R4.] and R4.2 is taken together with Rj to form a second bond between the 
carbon atoms to which they are attached; is -H:-H; 

where R9, R\ 1 and Rn are as defined above, which comprises: 

(1) contacting a 5,7-lactone of the formula (VII) 



where R4 is -H:-H and where R2, R9, Rn and Ri? are defined above, with base, 

and 

(2) contacting the reaction mixture of step (1) with a mediylating agent 
The base needs to be strong enough to open the S,7-lactone (VII) but of the type that 
will not react with the methylating agent, a weak nucleophile. Useful bases include 
those selected from the group consisting of bicarbonate, carbonate, hydroxide and 
RbBseO' where RbBse is C1-C4 all^. It is preferred that the base is bicarbonate. The 
amount of base required is fix>m about 1 to about 1.5 equivalents. Useful methylating 
agents include those selected from the group consisting of dimediylsul&te, methyl 
iodide, methyl bromide, trimethylphosphate, dimethylcaibonate and methyl 
chloroformate; preferred is dimethylsulfate. The amount of methylating agent used 
should be the same as the number of equivalents of base used or a veiy slight excess 
over that. The preferred method of the process is to react it in a sequential manner in 
a two-step reaction with base first and then the methylating agent. If the reaction is 
performed all in one step, the base reacts with the methylating reagent necessitating 




Rl7 



(VII) 
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the need for more base and more meth^ating agent. The more efficient way is to first 
react the S,7-lactone (VII) with at least one equivalent of base, preferably fiom about 1 
to about 1 .5 equivalents and then to react the salt of the caibox^ate acid (VI) which is 
formed with the methylating agent The solvent used will depend on the nature of the 

5 base used. If it is water soluble, such as bicarbonate or hydroxide, then a mixture of 
water and a water miscible organic solvent is preferred. These water miscible organic 
solvents include, methanol, ethanol, isopropanol, acetone, THF and DMF. If the base 
is water soluble and the solvent is a mixture of water and a water immiscible solvent, 
then a phase transfer catalyst, such as tetrabutylammonium bisulfate or 

10 tributylmetbylammonium chloride is used. If the base is soluble m a water immiscible 
organic solvent, one that will also dissolve the S,7-lactone (VII), then a water- 
immiscible organic solvent is suitable. The reaction temperature is dependent on the 
reactivity of the methylating agent If an agent such as dimethylcarbonate is used the 
reaction will go slow and heat up to about 1 50^ may be necessary. On the other hand, 

15 if a more reactive agent such as dimethylsulfate is used the reaction goes in about 1 
hour at 40**. While in theory one equivalent of base and one equivalent of 
methylating agent should be sufficient, in practice more than one equivalent is needed 
for the optimum reaction conditions. 

The 5,7-lactone (VII) can be transformed to the (salt of the) corresponding 

20 carboxylic acid (VI) by contacting the 5,7-lactone of formula (VII), with a reaction 
medium which as a pH > 7. The reaction is similar to the transformation of the 5,7- 
lactone (VII) to the methyl ester (Vm) except that no methylating agent is used. Since 
only base is used, the product produced is the salt of the carboxylic acid (VI). Further, 
since no methylating agent is present, the amount of base used is not critical. If the 

25 acid form of the carboxylic acid (VI), is desired the salt form can be acidified to 

produced the coiresponding acid form of the carboxylic acid (VI) as is known to those 
skilled in the art. 

There are numerous alternative routes using the present invention as set forth 
in CHART A as will be explained below and is known to those skilled in the art For 
30 example, the steroid A-ring can be protected, as compoimd (I-P), see CHART B and 
the explanation below, during the transformation of (I) to (II) or used in the 
unprotected form (I). Further, the C- and D-rings can have a variety of functionality 
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during the various steps of the process. The C-ring functionality includes, for 
example, 9o-hydroxy, 9a-0-<HYDR0XY PROTECTING GROUP), 9a-F, 1 1-keto, 
1 1-saturated, 1 la-hydioxy, 1 la-0-{HYDROXY PROTECTING GROUP), 1 Ip- 
hydroxy, 1 ip-0-{HYDROXY PROTECTING GROUP), A^^ and 9a,l la-cpoxy. 

5 The 0-ring functionality includes, for example, 1 7-keto, 1 7P-hydroxy, 1 7a-€thynyl- 
np-hydroxy, 17a-cyano-17P-hydroxy, 17o-C^C-CH2-0-(-Horsubstitutedsilyl)-17P- 
OH, 17a--(>C-CH2-OKHYDROXY PROTECTING GROUP) -17pOH, 17a-CH2- 
CH2-CH2-OH-I7P-OH, I7CHCH2-CH2-CH2-OKHYDROXY PROTECTING 
GR0UP)-17P-OH, 17a-hydroxy.l7p-CO-CH3, 17p-CO-CH2-OH, 17p~CO-CH2-0- 

10 CO-(CH2)o-3-CH3; 1 7P-O-CH2-1 7a resulting in a three member epoxide, y-lactone and 
-0-CH(ORi7-9)-CH2-CH2 where the bond from the oxygen (-0) is one of the four 
bonds at C-17 in the ^-configuration and the bond from the methylene group (CH2 "") 
is another of the four bonds at C*17 in the a-configuration to form a 5 member 
heterocycle containing one oxygen atom, where R17.9 is -H or C1-C3 alkyL However, 

15 the D-ring functionality for the compoimds of the processes of claims 539, 548 and 
556 does not include R17.2 being hydroxyl. HYDROXY PROTECTING GROUPS are 
well known to those skilled in the art. The same HYDROXY PROTECTING 
GROUPS are operable at C-9, C-1 1 and C-I7 and are selected from the group 
consisting of: -Si(-CH3)3, .Si(.CH2-CH3)3, -CO-CH3, -CO-H and .SiH(CH3)2. 

20 At some point the A-ring, if it is not already the required A^-3>keto 

functionality, must be transformed to the A^-3-keto functionality. Likewise, with the 
C-ring, if it is not already the required 9ot,l la-epoxide functionality, it must be 
transformed to the 9(x,l la-epoxide. Similarly, if the D-ring is not already the required 
Y-lactone, it must be transformed to the y-lactone. However, those transformations 

25 can take place either before, during or after various other processes and/or steps of 
CHART A. It is preferred to start with the A-ring with A^-3-keto functionality, the C- 
ring with A'^* * ^-functionality and the D-ring as the y-lactone. With regard to the C- 
ring, it is preferred to maintain the A^* '^-functionality throughout the process of the 
invention until the -CO-O-CH3 group is fully synthesized at the 7a-position and then 

30 transform the A^' '^-functionality to the corresponding 9a, 1 1 a-epoxide. With regard 
to the C-ring one could start with a 1 1-keto functionality and at some point in the 
process reduce it to the 1 la-hydroxy functionality and then at some later point 
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dehydrate the 1 la-hydroxy functionality to the corresponding A^" ^-olefin 
functionality by either the processes of EXAMPLES 18-20 using PCI5 or by the 
process of EXAMPLE 31 using N-(l, 1,2^,3*3,3) hexafluoropropyldiethyl-amine 
which is known as Ishikawa reagent There is a thorough discussion below as to how 

S the dehydration of an 1 la-hydroxy steroid should be performed using the Ishakawa 
reagent to produce the corresponding A^* '^-olefin. If the dehydration of the 1 la- 
hydroxy to the corresponding A^'^^-olefin takes place with a 5'-methyI-2'-furyl 
substituent at C-7a, with a formula (II) compound, it appears PCIs is preferred, but if 
the dehydration takes place on the methyl ester (VII), then the Ishikawa reagent is 

1 0 preferred. The A^* * ^-olefin is then converted to the desired 9a, 1 1 a-epoxide 

functionality by means well known to those skilled in the art. Likewise, with regard 
to the D-ring, one need not start with the y-lactone in the A^'^-3-keto steroid or ketal 
thereof (I) starting material. One could start with 17-keto or 17P-hydroxy, etc and 
then at a desired point covert the starting D-ring 17-functionality to the desired y- 

15 lactone. The preferred process including what functionality is desired to start with, 
and where the conversions are made, is set forth in CHART E. In short, it is desired 
to start with the same functionality as is desired in the end product for the A-ring and 
D-rings; It is preferred to start with the C-ring having the a'^' ^^-olefin functionality 
which is transformed to the desired 9a, 1 1 a-epoxide functionality after the 7a- 

20 substitutent is finalized as -CO-O-CH3. However, as explained above and is known 
to those skilled in the art, there are numerous alternative ways of preparing eplerenone 
by the process of CHART A starting with different functionality in the A-, C- and D- 
rings. 

CHART B discloses a process to produce the protected A^'^-ketal steroid (I-P), 
25 from the corresponding A^*^-3-aikyl enol ethers which are readily available from the 
corresponding A^-3-keto steroids by processes known to those skilled in the art It is 
preferred use the unprotected A'^'^-S-keto steroid (I) as the starting material in the 
process of CHART A. However, steroidal A^*^-3-ketals (I-P) can also be used as the 
starting material of the process of CHART A. In the process of CHART B, the A*-*-3- 
30 ketal steroid (I-P) 
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where R31 and R32 

(1) the same or different and are C1-C3 alkyl, and 

(2) taken with the attached -0-C-O- to form a cyclic ketal of S or 6 atoms of 
5 the formula 

KCH2HCR33RM)nl-(CH2> 

where ni is Dor 1; 

where R33 and R34 are the same or different and are 

10 CrC3 alkyl, 

is produced from the corresponding A^*^-3-alkyl enol ether 

(Alkyl enol ether) 

where R^ is 

CrC3 alkyl, 
15 CH3-CO-, 
O-COor 

Rsi.]Rsi.2Rsi-3Si- where Rsm, Rsi-2 and Rsi.3 are the same or different and are 
C1-C4 alkyl; by contacting the A^*^-3-alkyl enol ether (Alkyl enol ether) with a hydride 
abstractor and an alcohol selected from the group consisting of alcohols of the 
20 formula: 

(a) RsrOH, where R31 is as defmed above, 

(b) R32-OH, where R32 is as defined above, 

(c) HO-(CH2HCR33R34)ni-(CH2)-OH where ni. R33 and R34are as defined 

above, 

25 (d) HO-CH2-CH2-OH, by (1) contacting the A^-^-3-enol ether (3-alkyl enol 

ether). Useful hydride abstractors include those selected from the group consisting of 
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DDQ, 

p-chloranil, 

cK:hloranil, 

Ma^\ Mn*\ Pb^, Pd*\ Ru*^ Cr^, 
5 o-iodoxybenzoic acid, 

o-iodoxybenzoic acid complex with DMSO, 

o-iodoxybenzoic acid complex with 
4-methoxypyridine-N-oxide, 
N-methyimoipholine-N-oxide, 
1 0 trimethylamine-N-oxide, 

iodic acid (HIO3), 

iodine pentoxide (I2O5), 

eerie ammonium nitrate^ 

iodosobenzene, 
15 iodobenzenebistrifluoroacetate, 

iodobenzenediacetate, 

tritylfluoroborate, and by electrochemical oxidation with a catalytic amount of 
a hydride abstractor. It is preferred that the hydride abstractor is /M:hloranil or DDQ, 
more preferably DDQ. One equivalent of the hydride abstractor is required; more is 

20 not harmful, just wasteful. It is preferred that the alcohol is neopentylglycol also 
known as dimethylpropyleneglycol or 2,2-dimethyM,3-propanediol . The solvent 
needs to dissolve the 3-aIkyl enol ether (3-aIkyl enol ether) starting material. Suitable 
solvents include methylene chloride, acetonitrile, THF, and the alike. The reaction is 
operable in the temperature range of about -78** to about 40^ prefened is about -15**. 

25 The reaction is veiy rapid and is complete in a few minutes at -1 5°. The entire 
process is preferably performed under essentially anhydrous conditions. The term 
"hydride abstractor" as used herein means the reagent effects the net removal of one 
of the hydrogen atoms at C-7 of the 3-dienol ether, and does not imply any mechanism 
by which this removal occurs. It is preferred that the a A^'^-ketal (I-P) is selected from 

30 the group consisting of 

17P-hydroxypregna-4,6,9(l l)-trien-3-one-21-carboxylic acid, y-lactone, cyclic 
3-(2',2*-dimethyH',3*-propanediyl ketal). 
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17P-hydroxypregiia-4,6,9(l l>trien-3-one-21-carboxylic acid, y-lactone, cyclic 
3-ethanediyl ketal. 

CHART C discloses that the 7a-substituted steroid (II) can also be transfoimed 
to the corresponding ci$-oxyenedione (X-cis) by (1) contacting the 7a-substituted 

5 steroid (II) with ozone in the presence of a C1-C4 alcohol and (2) contacting the 

mixture of step (1) with a hydroperoxy-deoxygenating agent The preferences for R7. 
I, Xi Rb, Rc» Rd and the other variable substituents are as set forth above as previously 
stated. The 7a-substituted steroid (II) is dissolved in a suitable C1-C4 alcohol, or 
mixture thereof. It is preferred that the C1-C4 alcohol is a Ci and C3 alcohols; it is 

10 more preferred the alcohol is a C| alcohol. Cosol vents such as methylene chloride can 
also be used if necessary. The nature of the solvent/co-solvent is not critical as long 
as it will dissolve the reactants at the cold temperature at which the process is 
performed. The nature of the alcohol is not critical as it is eventually lost from the 
steroid molecule. The reaction temperatures can be as low as about -1 00° up to about 

15 40®. It is preferred that the temperature be from about -78® to about -20®; it is more 
preferred that the temperature be about -SO®. Ozone is passed thru the reaction 
mixture as is known to those skilled in the art until the process of step (1) is complete. 
The course of the reaction is monitored as is known those skilled in the art When the 
reaction of step (1) is complete, the reaction mixture of step (1) is contacted with a 

20 hydroperoxy-deoxygenating agent. It is preferred that the hydroperoxy-deoxygenating 
agent is trimethylphosphite. It is realized that for other processes of this invention the 
preferred hydroperoxy-deoxygenating agent was dimethylsulfide, but here the 
preferred agent is trimethylphosphite. The reaction mixture is then slowly permitted 
to warm to 20-25®. The reaction will proceed rapidly when it reaches the correct 

25 temperature for the particular 7a-substituted steroid (II). The c£y-oxyenedione (X-cts) 
product can be carried along without isolation and purification if desired. 

CHART C further discloses that the c^-oxyenedione (X-cis) can be 
transformed to the corresponding />'anf-oxyenedione (K-trans). The process is 
performed in the same manner and same way that the cis-eaedionc (lU-cts), of 

30 CHART A, was transformed to the corresponding /ran5-enedione (Ul'trans). 

The c£sH>xyenedione (X-cis) or the />-anf -oxyenedione (K-trans), or a mixture 
thereof, can be transformed to the corresponding hydroperoxy compound (IV-OOH), 
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and/or hydroxy compound (IV-OH), and/or biscarbonyl compound (V) and/or 
caiboxylic acid (VI) or mixture thereof in the same manner and same way as the 
cif-enedione OS-cis) or the /rons-enedione (Ol'trans), or a mixture thereof, was 
transformed to the corresponding hydropeioxy compound (IV-OOH), and/or hydroxy 

s compound (IV-OH), and/or biscaibon^ compound (V) and/or carboxylic acid (X) or 
mixture thereof. The hydroperoxy compound (IV-OOH), and/or hydroxy compound 
(IV-OH), and/or biscarbonyl compound (V) and/or caiboxylic acid (X) or mixture 
thereof are then transformed to eplerenone (IX) in the same manner and same was as 
previously discussed for the process of CHART A. 

10 The Ctf-oxyenedione (Xrcis) or the fraiw-oxyenedione (X-trans), or a mixture 

thereof, can be transformed to the corresponding carboxylic acid (VI) by reaction with 
an oxidatively cleaving agent in the same manner and same way as the hydroxy 
compound (IV-OH), and/or biscaibonyl compound (V) are transformed to the 
corresponding carboxylic acid (VI). 

IS CHART D sets forth the prefeired process of the invention (when R7.1 is -Al) 

with regard to the steroid A-/B-ring» that the steroid A-ring is not protected. However, 
given the different variable substituents of the steroid C- and D-rings and 
combinations of variable substituents possible, in some cases it may be preferred to 
protect the steroid A-ring as would be apparent to one skilled in the art. But in 

20 general, it is preferred that the steroid A-ring not be protected and the preferred 
process be that of CHART D. 

CHART E sets forth the preferred process of the invention with the preferred 
variable substituents for each intermediate for the conversion of the A^'M-keto steroid 
(I) to eplerenone (EX). 

25 CHART F discloses the reversible nature of the conversion of the carboxylic 

acid (VI) with the 5.7-lactone (VII). 

CHART G discloses the general process of the invention when the adduct 
-R7.1 is the cyclic adduct (-A2). The 7a-substituted steroid (II) is formed in the same 
maimer as discussed above for CHART A when the adduct is (- A 1). Then the 7a- 

30 substituted steroid (II) where R7.1 is (-A2) is reacted in the same way, with the same 
reagents as used in CHART A for (-A1) to give intermediates of the same type as the 
intermediates of CHART A for adduct (-A1). The processes of CHARTs A and G are 
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analogous, the reactants are the same and used in the same order. The intermediates 
produced are either isomers or homologs of each other. 

CHART H discloses the general process of the invention when the adduct R7.1 
is (-B), (-C), (-D2) and (-D3). The process of CHART H is a two step process. 
5 The first step of the process is to transform the A^**-3-keto steroid or ketal thereof (I) 
starting material to the corresponding Ta-substituted steroid (II) where R7.1 is a 
substituent selected from the group consisting of 



.CRb2=M (-B) 

-C^-Ru (-C) 

10 ^H2-CH=CH2 (-D1) 

-CH=C=CH2 (-D2) 

<:H2-C^-H (-D3) 



The second step is oxidative cleavage of the 7a-substitutent to give a carboxylic acid 
functionality, -CO-OH of the carboxylic acid (VI). In the olefmic substituent (-B), 

15 "M" is a group which forms a double bond with carbon and is restricted to carbon, 
nitrogen and oxygen. The substituent Rb2 is a group that can be transformed into a 
hydroxyl group by either oxidation or hydrolysis. With the acetylenic substituent (-C), 
the group Rc2 can be virtually any group since it is ultimately lost when the triple bond 
is cleaved to a carboxylic acid (VI). Likewise with the three-carbon unsaturated 

20 substituents (-D1), (-D2) and (-D3), two of the three carbon atoms are cleaved 
oxidatively, leaving a carboxylic acid group. In transforming the A^'^-3-keto steroid or 
ketal thereof (I) starting material to the corresponding 7a-substituted steroid (11), the 
A^*^-3-keto steroid or ketal thereof (I) starting material is reacted with the nucleophile 
selected from the group consisting of 

25 (d) of the formula (B) 

Re-CEi=M (B) 

(e) of the formula (C) 

Re-C^-E2 (C) 

(f) of the formulas (Dl, D2 and D3) 

30 R,-CH2-CH=CH2 (Dl) 

Ra-CH=C=CH2 (D2) 
R«-CHrC^-H (D3) 
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where Re. Eu E2, M are as defined above, in the presence of: 

(1) a Lewis Acid, 

(2) a proton acid with a pKe of < about 5 or 

(3) a salt of a secondary amine of the formula 



and 




H 



10 

with an acid of pKa of < about 2. The Lewis acid both accelerates the conjugate 
addition and favors formation of the 7a-stereochemistiy. 

Adducts (-B) and (-C) are transformed into -CO-OH of caiboxylic acid (VI) 
by treatment with one or more oxidizing agents. The oxidizing agent(s) must be 

15 capable of cleaving the C=M double bond to a carbon-oxygen double bond, cleaving 
the C-Rw single bond to a carbon-oxygen single bond, and cleaving the caibon-carbon 
triple bond to carboxylic acid. The choice of oxidizing agent(s) depends on the 
inherent difficulty of oxidation of the substituent -CRb2=M or -C^C-Rcj. The greater 
the difficulty of oxidation, the stronger the oxidizing agent that will be required. 

20 Suitable oxidizing agents include ozone, singlet oxygen, triplet oxygen, hydrogen 
peroxide, hydroperoxides, percarboxylic acids, hypohalites, and the like. In the case 
of 2-methylfuran adduct (II), transformation into carboxylic acid (VI) is preferably 
accomplished by treatment with potassium hypobromite followed by ozone followed 
by dimethylsulfide followed by hydrogen peroxide. 

25 The allyl adduct (-D1) is transformed into -CO-OH of the carboxylic acid (VI) 

by double bond isomerization to -CH==CH-CH3 followed by ozonization with an 
oxidative work-up (such as sodium chlorite). The double bond isomerization can be 
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accomplished by any of the following reagents* rhodium trichloride in ethanol at 
reflux* HRuCI[P(-9)3]3 at about 90^ LiNH(CH2)3NH2 (lithium 1,3-diaminopropane) 
at 20-2S^ PdCl2(q><:N)2 in toluene at about gO^ HRh(CO)[P(-9)3]3 at 20-25°* 
ClRh[P(-<p)3]3 in toluene at reflux, Cl2Ru[P(-9)3]3 at 100** and cobalt chloride/sodium 

S boiohydride/P(-9)3 at about -IS"". 

The propargyl adduct (-D2) is transformed into the -CO-OH functionality of 
the carboxylic acid (VI) by base or transition metal-catalyzed isomerization to adduct 
(-C) when Rc2 is C| alkyl, which is cleaved by the method discussed above. Suitable 
bases for isomerization of (*D2) to (-C) include sodium amide in ammonia or THF, 

10 potassium 3-aminopropylaminde (known as "KAPA") in THF, potassium hydroxide 
in ethylene glycol at about 150^, potassium /-butoxide in DMSO or /-butanol, or 
sodium or potassiimi hydride in DMF or THF. Suitable transition metal catalysts 
include Yb[92C=N-<p](HMPA)4 and HCo(N2) [P(-9)3]3. 

The allenyl adduct (-D3) is transformed into the -CO-OH functionality of the 

1 5 carboxylic acid (VI) by ozonization with an oxidative work-up (such as sodium 
chlorite). 

The present invention includes a four-step process for the transformation of a 
7a-substituted steroid (II) to the corresponding carboxylic acid (VI) product. The four 
steps are (1) ring opening, (2) ozonoiysis, (3) reaction with a hydroperoxy 
20 deoxygenating agent and (4) reaction with an oxidatively cleaving agent. The four- 
step process of the invention produces better yields of the carboxylic acid (VI) than 
expected based on prior art process steps. The carboxylic acid (VI) is obtained by: 

(1) contacting the 7a-substituted steroid of formula (II) with an agent selected 
from the group consisting of: 

25 (a) a halogenating agent in the presence of water and a base whose 

conjugate acid has a pKe of > about 8* 

(b) an oxygen donating agent, 

(c) electrochemical oxidation* 

(d) a quinone in the presence of water or 
30 (e) nonquinone oxidants; and 

(2) contacting the reaction mixture of step (1) with ozone in the presence of an 
alcohol of the formula R7.2-OH; 
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(3) contacting the reaction mixture of step (2) with a hydioperoxy 
deoxygenating agent and 

(4) contacting the reaction mixture of step (3) with an oxidatively cleaving 
agent Eadi of these steps was thoroughly discussed above when the steps of the 

s process were discussed individually. This process combines those same steps and 
they are practiced in the same manner and same way as discussed above. 

The present invention includes a three-step process for the transformation of a 
7a-5ubstituted steroid (II) to the corresponding carboxylic acid (VI) product, see 
EXAMPLE 34, Step (1). The three steps are (1) ozonolysis, (2) reaction with a 

10 hydroperoxy deoxygenating agent and (3) reaction with an oxidatively cleaving agent. 
The three-step process of the invention is a process to prepare the caiboxylic acid (VI) 
which comprises: 

(1) contacting a 7a-substituted steroid (II) with ozone in the presence of an 
alcohol of the formula R7.2-OH; 

1 5 (2) contacting the reaction mixture of step ( 1 ) with a hydroperoxy 

deoxygenating agent and 

(3) contacting the reaction mixture of step (2) with an oxidatively cleaving 
agent Each of these steps was thoroughly discussed above when the steps of the 
process were discussed individually. This process combines those same steps and 

20 they are practiced in the same manner and same way as discussed above. The 
carboxylic acid (VI) can be readily transformed to its tautomer-like the bislactone 
(VII) by contacting with an acid, see EXAMPLE 34, Step (2). In the process of the 
invention it is the carboxylic acid (VI) which is transformed to the methyl ester (VIE) 
and ultimately to epierenone (IX). It is possible to isolate and purify this caiboxylic 

25 acid (VI) by crystallization. However, one runs the risk that it will isomerize to the 
bislactone (VD) vMch is more thermodynamically stable. Therefore, as a practical 
matter it is preferable not to stop at the end of EXAMPLE 34, Step (1) but cany on 
thru the reaction mixture and isolate and crystallize the bislactone (VII). Hence, it is 
easier and preferable to carry the process exemplified in EXAMPLE 34 on thru Step 

30 (2), purify the bislactone (VII) obtained and then convert the bislactone (VII) back to 
the carboxylic acid (VI) for transformation to the methyl ester (Vm). 
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Epierenone (DQ is a phannaceutical agent useful for the treatment of 
hyperaldosteronism, edema, hypeitension and congestive heart fiiilure, see US Patent 
4459332. 

The present invention also inchides a novel process to transform 1 la-hydroxy 
5 steroids to the corresponding A^' '^-steroids. The A^' ^^-functionality is very useful in 
producing epierenone (IX) because it is readily transformed to the corresponding 
90,1 la-epoxide functionality of epierenone (IX). 

The 1 1 a-hydroxy steroid (CIV) starting materials are known to those skilled in 
the art. More particulariy, the 1 la-hydroxy-I7-lactone (CI), 1 la,17P-dihydroxypregn- 
1 0 4-en-3-one-7a,2 1 -dicaiboxylic acid, y-lactone, methyl ester, is known, see. Drugs of 
the Future, 24(5), 488-SOl (1999), compound (VI). 

For the 1 1 a-hydroxy steroids (CIV) it is preferred that the steroid A-ring is: 

w 



W4 

(1) Wi is -H>H and W2 is -H:-H or W, is W,.,:W,.2 and W2 is 
15 W2.i:W2.2whereoneof Wm orW|,2is taken together with one of W2.1 orW2.2to 
form a second bond between the carbon atoms to which they are attached and the 
other or W|.| or W1.2 and W2.1 or W2-2 is -H; W3 is =0, W4 is W4.1 :W4.2 where one of 
W4.1 and W4.2 is taken together with W5 to form a second bond between the carbon 
atoms to which they are attached and the other of W4.1 and W4-2 is -H; 
20 (2) W3 is =0, W4 is -H:-H and W5 is in the a-orientation and is O- 

CO- (attached at C7 to form a S,7-lactone) and where Wi and W2 are as defined 
above; 

(3) W3 is -0-W3.3:-0-Ww; W4 is W4-3:W4^, where one of W4.3 and 
W44 is taken together with W5 to form a second bond between the atoms to which 
25 they are attached and the other of W40 and W44 is -H; W3.3 and are: 

(a) the same or different and are C\-C$ alkyl, 

(b) taken together to form a cyclic moiety selected from the 

group consisting of: 

(i)-CH2.CHr, 
.94- 
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(ii) -CH2^H2-CH2-, 

(iii) -CH2-C(CH3)2-CH2-; and v/hexe W| and W2 are as 

defined above; 

(4) W3 is -O-Wmi^Wm; W4 is -H:-H; W5 forms a second bond 
5 between Cs and Q; W3.3 and Wa^ are as defined above: 

(5) W3isW3.5:W3^;where 

(a) one of W3.5 and is -H and the other of W3.S and 

is: 

(i) -O- W3.5A where W3.5A is C1-C3 alkyl, 
1 0 (ii) -O-CO- W3.5 A where W3.5 a is as defined above, 

(iii) -N(W3.5a)2 where W3.5A is as defined above, 

(iv) piperazinyl, 

(v) morpholinyl, 

(vi) piperidinyl, 

15 (b) W3.5 and W3-6 are taken together with the carbon atom to 

which they are attached to form a cyclic moiety including: 

(i) -OCH2-CH2-0-, 

(ii) -O-CH2-CH2-CH2-O-, 

(iii) -0-CH2-C(CH3)2-CH2-0- and where W4 is -H:-H; 
20 Ws forms a second bond between C5 and Cel 

(6) W3 is W3.7:W3^ and where W4 is W4.7:W4^ where 

(a) one of W3.7 and W3^ is: 

(i) -O- W3.7A where W3.7A is C1-C3 alkyl, 

(ii) -O-CO-W3.7A where W3-7A is as defined above, 
25 (iii) -N(W3.7a)2 where W3.7A is as defined above, 

(iv) piperazinyl, 

(v) morpholinyl, 

(vi) piperidinyl, and where the other of W3.7 and W3-8 is 
taken together with one of W4.7 and W4-8 to form a second bond between the carbon 

30 atoms to which they are attached and the other of W4-7 and W4^ is -H; Ws forms a 
second bond between Cs and €5; 

(7) W3 is a-W3.9:P-W3.io; where W3.9 is -H and W3.10 is: 
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(a) -O-CO-W3.10A where W3.10A is C1-C3 alkyi, 

(b) -O-COO-W3.10B where W3.10B is 

(i) C,-C4alkyl, 

(ii) -9 optionally substituted with one thru three Ci-Ca 
5 alkyl, -F, -CI. -Br, -I, C1-C3 alkoxy, 

(iii) -CHz^ where <p is optionally substituted with one 
thru three C1-C3 alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy; where WR4 is -H:-H; and W5 
forms a second bond between the carbon atoms at C5 and Q; and where Wi and W2 
are as defined above; 

10 (8) W3 is a-W3.9:p-W3.io; where W4 is W4.9:W4.io where W3.9 and Wj. 

10 are as defined above; where one of W4.9 and W4.10 taken together with W5 forms a 
second bond between the atoms to which they are attached and the other of W4.9 and 
W4.I0 is -H; and where Wj and W2 are as defined above. 

It is more preferred that the steroid A-ring functionality be: 

15 (1) W, is -H:-H and W2 is -H:-H or W, is W,.,:W,.2 and W2 is W2.i:W2.2 

where one of Wm or W1.2 is taken together with one of W2.1 or W2.2 to form a second 
bond between the caibon atoms to which they are attached and the other or Wm or 
W|.2 and Wm or W2,2 is -H; W3 is =0, W4 is W4.i:W4-2 where one of W4-1 and W4-2 
is taken together with W5 to form a second bond between the caibon atoms to which 

20 they are attached and the other of W4.1 and W4.2 is -H; 

(7) W3 is a-W3.9:p-W3.io; where W3.9 is -H and W3.10 is: 

(b) -CO-W3.,oA where W3.10A is Ci -C3 alkyl, 

(c) -CO-O-W3.10B where W3.iob is 

(i)CrC4 alkyl, 

25 (ii) -9 optionally substituted with one thru three C1-C3 alkyl, 

-F, -CI, -Br, -I, C1-C3 alkoxy, 

(iii) -CH2-9 where 9 is optionally substituted with one thru 
three C1-C3 alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy; where WR4 is -H:-H; and W5 forms a 
second bond between the carbon atoms at C5 and C^; and where W] and W2 are as 
30 defined above. 

It is even more preferred that the steroid A-ring functionality be: 

(I) Wi is -H:.H and W2 is -H:-H or W, is Wi.,:W,.2 and W2 is 
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W2-i:W2.2 where one of Wm or W|^ is taken together with one of W2.1 or W2.2 to 
form a second bond between the caibon atoms to which they are attached and the 
other or Wm or W,.2 and W2.1 or W2.2 is --H; W3 is =0, W4 is W4.i:W4.2 where one of 
. W4.1 and W4.2 is taken together with Ws to form a second bond between the caibon 
5 atoms to which diey are attached and the other of W4.1 and W4.2 is -H; 

For the 1 la-hydroxy steroids (CIV), it is preferred that the steroid D-ring is: 



(D-ring) 

where Wi7 is: 
(1)=0, 

10 (2) a-Wi7.i:P-Wi7-2 where: 

(a) W|7.i and W17.2 are taken together with the attached 
carbon atom to fonn an epoxide of the formula ' '€112-0-, 

(b) W]7.i and W17.2 are taken together with the attached carbon 
atom to form a lactone of the formula • ■ ■CH2-CH2-CO-O-; 

15 (3) a-W,7.3:p-W,7^ where 

(a) W17.3 is: 

(i) -H, 

(ii) -O-CO-W17.3A where Whoa is -H or -CO-W17-3B 
where Wi7-3B is C1-C4 alkyl or -<p and 

20 (b) W17-4 is -CO-CH3; 

(4) a-Wi7.5:p-Wi7^j where 

(a) W,7.5 is: 

(i) -0-CO-W|7.5A where W17.5A is C1-C4 alkyl or-q), 

(b) Wi7^is: 

25 (i) -CO-CH2-O-W17-6A where W17-6A is CrC4 alkyl or 

For the eplerenone*type compoxinds, it is preferred that W17 is: 

(1) =0, 

(2) a-W,7.,:P-W,7-2where: 
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(a) W|7.i and W17.2 are taken together with the attached carbon 
atom to fonn an epoxide of the formula " 'CH2-0-, 

(b) W17.1 and W17.2 are taken together with the attached carbon 
atom to fonn a lactone of the formula " "CH2-CH2-CO-O'. 

s It is more preferred that for the eplerenone-lype compounds that Wn is: 

(1) =0, 

(2) a-Wi7-i:P-W,7-2where: 

(b) W17.1 and W|7.2 are taken together with the attached carbon 
atom to fomi a lactone of the formula '"'CH2-CH2-CO-O-. 
10 For the progesterones and hydroxyprotesterones it is preferred that that Wn is: 

(3) a.W,7.3:P-W,7-4where 

(a) W,7.3is: 

(i) -H, 

(ii) -O-CO-WnoA where W17.3A is -H or -CO-W17-3B 
1 5 where WnoB is C1-C4 alkyl or -<p and 

(b) W,7^ is -CO-CHa. 
For the coiticoids it is preferred that W17 is: 

(4) a-W,7.5:p-W,7^where 

(a) Wn.5is: 

20 (i) -0-CO-W|7.5A where Wn-sA is C1-C4 alkyl or-<p, 

(b) W,7^is: 

(i) -CO-CH2-0-Wi7^A where Wp-dA is C1-C4 alkyl or 

-if. 

The preferred combinations of steroid B- and D-rings, especially for the 
25 eplerenone-type compounds, includes the ring systems set forth in CHART C. The 
1 la-hydroxy steroids (CIV) of CHART C are known to those skilled in the art or can 
be readily prepared by known methods from known compounds. 

In the process of the present invention the 1 la-hydroxy- 17-lactones (CI) or 
1 la-hydroxy steroids (CIV) starting material is contacted with a N-fluoroalkylamine 
30 reagent of the formula (C VI) 
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where: 

Z| is C1-C4 alkyl; 

Z2 is CrC4 alkyl and where Z| and Z2 together with the attached nitrogen atom 
5 form a 5- or 6-member heterocycle selected from the group consisting of pyirolidinyl, 
piperazinyi, piperidinyl and morpholinyl; 

Z3 is -F or -CF3. It is preferred that Z\ and Z2 are CrCa alkyl. It is more 
preferred that Z\ and Z2 are Ci alkyl or C2 alkyl. It is preferred that the N- 
fluoroalkylamine (CVI) is N-(l,l,2,3,3,3-hexafluoropropyl)diethylamine, which is 
10 known as Ishikawa reagent, or l,U2,2-tetrafluoroethyI-N,N-dimethylamine. 

The process of the invention is preferably performed by use of about 1 
equivalent of 1 la-hydroxy-17-lactone (CI) or 1 la-hydroxy steroid (CIV) and from 
about 1 to about 1.5 equivalents of Ishikawa reagent; more preferred is about 1.2 
equivalents of Ishikawa reagent. It is preferable to perform the process of the 
15 invention in a temperature range of from about 20 to about 82^; more preferably from 
about 40 to about 70^. The reaction usually takes from about 1 hr to about 24 to 
complete depending on reaction conditions especially temperature and concentration. 
For example at about 60® and 0.8 molar, the reaction takes about 3 hours. 

The 1 la-hydroxy- 17-lactone (CI) orl la-hydroxy steroid (CIV) can be added 
20 to the N-fluoroalkylamine reagent (CVI) or the N-fluoroalkylamine reagent (CVI) can 
be added to the 1 la-hydroxy- 17-lactone (CI) orl la-hydroxy steroid (CIV); it is more 
practical to add the N-fluoroalkylamine reagent (CVI) to the 1 la-hydroxy- 17-Iactone 
(CI) orl la-hydioxy steroid (CIV). 

It is preferred to perform the process of the present invention in a solvent that 
25 is dry (KF is < 0.5%), such as acetonitrile. 

The A^*'^- 17-lactone of formula (CO), 17P-hydroxypregna-4,9(l l)-dien-3- 
one-7oc,21-dicarboxylic acid, y-l^tone, methyl ester, is known, see US Patent 
4,559,332, Example 1(d) and International Publication W098/25948, page 284. It is 
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useful in the preparation of a phannaceutical agent, 9a,l la-epoxy-17P-hydroxypregn- 
4-en-3-one-7oe,21-dicaii)oxylic acid, Y-lactone, meth^ ester, known as eplerenone 
(Cm). 

The steroid C-ring functionality A^'*^- of compounds (CII) and (CV) is a veiy 
s useful functionality to chemists skilled in the ait of stmids. It can be readily 

transfonned to the corresponding 9a,l la-epoxy functionality and the 9a-fluoro-l ip- 
hydroxy functionality as well as 1 1-keto and others as is well known to diose skilled 
in the art. These compounds are useful phannaceutical agents. Hence, the process of 
the invention as it pertains to the transformation of the 1 la-hydroxy steroid (CIV) to 

10 the corresponding A^^^ steroid (CV) is a very useful process and is operable with a 
wide variety of 1 la-hydroxy steroids (CIV) as is apparent to those skilled in the art 
This includes progesterones, 1 7a-hydroxyprogesterones, corticoids as well as the 
usual common derivatives and analogs thereof such as esters, etc. Therefore, the 
process produces A^"^-steroids (CV) which are useful intermediates in the 

IS preparation of pharmaceutically useful steroids. One skilled in the art with a given 
A^' '^-steroid (CV) would know how to transform it to a pharmaceutically useful 
product 

The present invention also includes a number of processes for 
transforming 1 la-hydroxy compounds to the corresponding A^^^'^-compoimds by one 

20 or more processes described above. For example, described are processes for the 
transformation of (1) a 1 la-hydroxy-7a-substituted steroid (II) to the corresponding 
A'^' 7a-substituted steroid (II), (2) a process for transforming a 1 la-hydroxy cis 
enedione (in-c£$) or 1 la-hydroxy trans enedione (Ul'trcms) to the corresponding 
A^' ^^-trans enedione (JSL'trans) and (3) for transforming a 1 la-hydroxy-hydroxy 

25 compound (FV-OH) or a 1 la-hydroxy-hydroperoxy compound (IV-OOH) or a 1 la- 
hydroxy biscarbonyl compound (V) or mixture thereof to the corresponding A^^ 
carfooxylic acid (VI). 

DEFINITIONS AND CONVE^f^ONS 
The definitions and explanations below are for the terms as used throughout 
30 this entire document including both the specification and the claims. 

I. CONVENTIONS FOR FORMULAS AND DEFINITIONS OF VARIABLES 
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The chemical foxmulas representing various compounds or molecular fiagme- 
nts in the specification and claims may contain variable substituents in addition to 
expressly defined structural features. These variable substituents are identified by a 
letter or a letter followed by a numerical subscript, for example, "Zi" or '^** where "i** 

s is an integer. These variable substituents are either monovalent or bivalent, that is, 
they represent a group attached to the formula by one or two chemical bonds. For 
example, a group Z\ would represent a bivalent variable if attached to the formula 
CH3-C(=Zi)H. Groups Rj and Rj would represent monovalent variable substituents if 
attached to the formula CH3-CH2-C(Ri)(Rj)H2. When chemical formulas are drawn in 

10 a linear fashion, such as those above, variable substituents contained in parentheses 
are bonded to the atom immediately to the left of the variable substituent enclosed in 
parenthesis. When two or more consecutive variable substituents are enclosed in 
parentheses, each of the consecutive variable substituents is bonded to the immediate- 
ly preceding atom to the left which is not enclosed in parentheses. Thus, in the 

15 fomiula above, both Ri and Rj are bonded to the preceding carbon atom. Also, for any 
molecule with an established system of carbon atom numbering, such as steroids, 
these carbon atoms are designated as Cj, where "i" is the integer corresponding to the 
carbon atom number. For example, Ce represents the 6 position or carbon atom 
number in the steroid nucleus as traditionally designated by those skilled in the art of 

20 steroid chemistry. Likewise the term "R^* represents a variable substituent (either 
monovalent or bivalent) at the Ce positioiL 

Chemical formulas or portions thereof drawn in a linear fashion represent 
atoms in a linear chain. The symbol in general represents a bond between two 
atoms in the chain. Thus CH3-0-CH2-CH(Ri)-CH3 represents a 2-substituted-l- 

25 methoxypropane compound. In a similar fashion, the symbol represents a double 
bond, e.g., CH2=C(Ri)-0-CH3, and the symbol "s" represents a triple bond, e.g., 
HC^-CH(Rj)-CH2-CH3. Carfoonyl groups are represented in either one of two ways: 
-CO- or -C(=0)-, with the former being preferred for simplicity. 

Chemical formulas of cyclic (ring) compounds or molecular fragments can be 

30 represented in a linear fashion. Thus, the compound 4-chlon>-2-methylpyridine can be 
represented in linear fashion by N*=C(CH3)-CH=CC1-CH=C*H with the convention 
that the atoms marked with an asterisk are bonded to each other resulting in the 
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formation of a ring. Likewise, the q^lic molecular fragment. 4-(ethy])-l-piperazinyl 
can be represented by -N'-(CH2)2-N(C2H5)-CH2-C'H2, 

A rigid cyclic (ring) structure for any compounds herein defines an orientation 
with respect to the plane of the ring for substituents attached to each carbon atom of 

S the rigid cyclic compound. For saturated compounds which have two substituents 
attached to a carbon atom which is part of a cyclic system, -C(XiXX2>- the two sub- 
stituents may be in either an axial or equatorial position relative to the ring and may 
change between axial/equatorial. However^ the position of the two substituents 
relative to the ring and each other remains fixed. While either substituent at times 

10 may lie in the plane of the ring (equatorial) rather than above or below the plane 
(axial), one substituent is always above the other. In chemical structural formulas 
depicting such compounds, a substituent (Xi) which is "below" another substituent 
(X2) will be identified as being in the alpha (a) configuration and is identified by a 
broken, dashed or dotted line attachment to the carbon atom, i.e., by the symbol " — " 

IS or The corresponding substituent attached "above" (X2) the other (X|) is 

identified as being in the beta (Q) configuration and is indicated by an unbroken line 
attachment to the carbon atom. 

When a variable substituent is bivalent, the valences may be taken together or 
separately or both in the definition of the variable. For example, a variable Rj attached 

20 to a carbon atom as -C(=Ri)- might be bivalent and be defined as 0x0 or keto (thus 
forming a carbonyl group (-CO-) or as two separately attached monovalent variable 
substituents a-Ri.j and B-Rj^. When a bivalent variable, Rj, is defined to consist of 
two monovalent variable substituents, the convention used to defme the bivalent 
variable is of the form "a-Ri^:B-R,-k" or some variant thereof In such a case both a-Rj. 

25 j and B-Rmc are attached to the carbon atom to give -C(a-Ri.jXB-Ri^)-. For example, 
when the bivalent variable R^, -C(=R«)- is defined to consist of two monovalent 
variable substituents, the two monovalent variable substituents are a-R^i:B-R6.2> a- 
R6.9:8-R^io, etc, giving -C(a-R6.i)(B.R6.2)-, . .. -C(a-R6-9)(B-IU-io)-, etc. Likewise, for 
the bivalent variable Rn, -C(=R|])-, two monovalent variable substituents are a-Rn. 

30 I :B-Ri 1.2. For a ring substituent for which separate a and B orientations do not exist 
(e.g. due to the presence of a carbon carbon double bond in the ring), and for a 
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substituent bonded to a carbon atom which is not pait of a ring the above convention 
is still used, but the a and 6 designations are omitted. 

Just as a bivalent variable may be defined as two separate monovalent variable 
substituents, two separate monovalent variable substituents may be defined to be 

5 taken together to form a bivalent variable. For example, in the formula -C|(Ri)H- 
C2(Rj)H- (C| and C2 define arbitrarily a first and second caibon atom, respectively) Rj 
and Rj may be defined to be taken together to form (1) a second bond between Ct and 
C2 or (2) a bivalent group such as oxa (-0-) and the formula thereby describes an 
epoxide. When R. and Rj are taken together to form a more complex entity, such as 

10 the group -X-Y-, then the orientation of the entity is such that Ci in the above formula 
is bonded to X and C2 is bonded to Y. Thus, by convention the designation "... R4 and 
Rj are taken together to form -CH2-CH2-O-CO- ..." means a lactone in which the 
caifoonyl is bonded to C2. However, when designated "... Rj and Ri are taken together 
to form -CO-0-CH2-CH2-the convention means a lactone in which the caibonyl is 

IS bonded to Ci. 

The carbon atom content of variable substituents is indicated in one of two 
ways. The first method uses a prefix to the entire name of the variable such as "Ci- 
C4", where both "1" and "4" are integers representing the minimum and maximum 
number of carbon atoms in the variable. The prefix is separated from the variable by a 

20 space. For example, "C1-C4 alkyl" represents alkyl of 1 through 4 carbon atoms, 
(including isomeric forms thereof unless an express indication to the contrary is 
given). Whenever this single prefix is given, the prefix indicates the entire carbon 
atom content of the variable being defined. Thus C2-C4 alkoxycarbonyl describes a 
group CH3-(CH2)n-0-CO- where n is zero, one or two. By the second method the 

25 caibon atom content of only each portion of the definition is indicated separately by 
enclosing the "Ci-Cj" designation in parentheses and placing it immediately (no 
intervening space) before the portion of the definition being defined. By this optional 
convention (Ci-C3)alkoxycarbonyl has the same meaning as C2-C4 alkoxycarbonyl 
because the "C1-C3" refers only to the carbon atom content of the alkoxy group. 

30 Similarly while both C2-C6 alkoxyalkyl and (C|-C3)alkoxy(Ci-C3)alkyl define 

alkoxyalkyl groups containing fix)m 2 to 6 carbon atoms, the two definitions difTer 
since the former definition allows either the alkoxy or alkyl portion alone to contain 4 
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or S caibon atoms while the latter definition limits either of these groups to 3 caibon 
atoms. 

When the claims contain a fairly complex (cyclic) substituent, at the end of the 
phrase namin^designating that particular substituent will be a notation in 
S (parentheses) which will correspond to the same name/designation in one of the 
CHARTS which will also set forth the chemical structural formula of that particular 
substituent 

n. DEFmmoNS 

All temperatures are in degrees Celsius. 
1 0 TLC refers to thin-layer chromatogrq)hy. 

LC refers to liquid chromatography. 

ESTDLC refers to external standard liquid chromatography. 

THF refers to tetrahydrofuran. 

DMA? refers to p-dimethylaminopyridine. 
15 DDQ refers to 2,3-dichloro-5,6-dicyano-l,4-b€nzoquinone. 

DBU refers to 1 ,8-diazabicyclo[5.4.0]undec-7-ene. 

DBN refers to l,5-diazabicyclo[4.3.0]non-5-ene. 

DABCO refers 1 Adiazabicyclo[2.2.2]octaiie. 

Chromatography (column and flash chromatography) refers to 
20 purification/separation of compounds expressed as (support, eluent). It is understood 
that the appropriate fractions are pooled and concentrated to give the desired 
compound(s). 

Carboxylic acid (VI) refers to and includes the phannaceutically accq>table 
salts thereof. 

25 CMR refers to C-1 3 magnetic resonance spectroscopy, chemical shifts are 

reported in ppm (S) downfield from TMS. 

NMR refers to nuclear (proton) magnetic resonance spectroscopy, chemical 
shifts are reported in ppm (d) downfield from TMS. 

In the present invention the terms conversion/transformation or 
30 convert/transform are used interchangeable and mean the same thing, the reaction of 
one compound to form a different compoimd by the process described. 
TMS refers to trimethylsilyl. 
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Oxone refers to KHSOs. 

refers to phenyl (C6H5). 
MS refers to mass spectrometiy expressed as m/e, m/z or mass/charge unit 
[M + H]^ refers to the positive ion of a parent plus a hydrogen atonL EI refers to 
S electron impact. CI refers to chemical ionization. FAB refers to fest atom 
bombardment 

Pharmaceutically acceptable refers to those properties and/or substances which 
are acceptable to the patient from a pharmacological/toxicological point of view and 
to the manufacturing pharmaceutical chemist from a physical/chemical point of view 
10 regarding composition, formulation, stability, patient acceptance and bioavailability. 

When solvent pairs are used, the ratios of solvents used are volume/volume 

(v/v). 

When the solubility of a solid in a solvent is used the ratio of the solid to the 
solvent is weight/volume (wt/v). 
1 5 A^-Canrenone refers to 1 7p-hydroxypregna-4,6,9-trien-3-one-2 l-caifoox>1ic 

acid, Y-l&otone. 

Eplerenone refers to 9a,l la-epoxy-17p-hydroxyprcgn-4-en-3-one-7a,21- 
dicarboxylic acid, y-lactone, meth^ ester. 

Neopentylglycol refers to HCM:H2-C(CH3)2-CH2-0H. 
20 lodosobenzene refers to <pl=0. 

lodobenzenebistrifluoroacetate refers to <pI(0-CC>-CF3)2. 
lodobenzenediacetate refers to q)I(0-CO-CH3)2. 

Tritylfluoroborate is also known as triphenylcaibenium fluoroborate and refers 
toq>3C*BF4". 
25 acac refers to acetylacetonate. 

dppb refers to diphenylphosphino butane. 
Tf refers to trifluoromethanesulfonate. 
Dimediylsulfide refers to CHaSCHa. 

Ishikawa reagent refers to N-(l,l,2,23f3,3)hexafluoropropyldiethylamine. 
30 An "oxidatively cleaving agent" is a reagent that oxidizes the biscarbonyl 

compound (V) or hydroxy compound (IV-OH) to the carboxylic acid (VI). 

A "hydroperoxy-deoxygenating agent" is a reagent that removes an oxygen 
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atom from a hydroperoxide compound (IV-OOH) to give the corresponding hydroxy 
compound (IV-OH). 

A "deoxygenating agent*' is a reagent that removes one oxygen atom Srom a 
molecule. The "hydroperoxy-deoxygenating agent" is thus a particular type of 
S deoxygenating agent. 

A "carboxylic acid forming agent** is a reagent that induces a hydroperoxide 
compound (IV-OOH) to rearrange to a carboxylic acid (VI). 

An **oxygen donating agent** is a reagent that provides an oxygen atom to a 7a* 
substituted steroid (11) to transform it into a cis enedione (Ul-^is). 
10 EXAMPLES 

Without further elaboration, it is believed that one skilled in the art can, using 
the preceding description, practice the present invention to its fullest extent. The 
following detailed examples describe how to prepare the various compounds and/or 
perform the various processes of the invention and are to be construed as merely 
IS illustrative, and not limitations of the preceding disclosure in any way whatsoever. 
Those skilled in the art will promptly recognize appropriate variations from the 
procedures both as to reactants and as to reaction conditions and techniques. 
EXAMPLE 1 17P-Hydroxypregna-4,6,9(ll)-trien-3-one-21-carboxylicacid, 



17p-hydroxypregna-4,6,9(l l)-trien-3-one-21 -carboxylic acid, y-lactone 3- 
methyl enol ether (1, 3.00 g, 8.4629 mmoles) and lithium perchlorate (199.6 mg, 
L8761 mmoles, 0.22 equivalents) are slurried in acetonitrile (20 ml) and methylene 
25 chloride (10) are cooled to -1S^ treated widi 2,2-dimethyl-l 3-propyleneglycol (2.19 
g, 21.027 nunoles, 2.48 equivalents), then treated drop wise over 73 min. with a 
solution of DDQ (2.29 g, 10.088 mmoles, 1.19 equivalents) in ethyl acetate. After 



20 



y-lactone, cyclic 3-(2\2*-dimethyl-l *,3'-propanediyl ketal) (I- 
P) 



O 
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Stirring for 40 min, the reaction mixture is quenched with ammonium hydroxide 
(28%, 5 ml), diluted with ethyl acetate, concentrated, diluted with methylene chloride, 
* and filtered. The filtrate is diluted with ethyl acetate, washed with aqueous sodium 

bicaibonate/sodium chloride followed by water, then filtered through magnesol, 
S eluting with methylene chloride. The eluate is concentrated to give solids which are 
triturated with toluene, dried by a stream of nitrogen to give the title compound, CMR 
(CDCI3) 14.44, 22.53, 22.78, 23.02, 24.89, 28.85, 29.22. 30.07, 30.18, 31.3 U2.92, 
35.37, 38.56, 39.03, 44.35, 44.43, 70.54, 70.65, 95.17, 95.43, 1 16.80, 120.23, 127.82, 
130.27, 141.83, 145.08 and 176.61 S;NMR(CDCl3) 0.95,0.97, 1.03, 1.18, 1.3-2.8, 
10 3.5-3.7, 5,44, 5.71,5.80 and 6.02 5. 

EXAMPLE 2 17p-Hydroxypregna-4,6,9(l l)-trien-3-one-21-carboxylic acid, 

y-lactone, cyclic 3-ethanediyl ketal (I-P) 




17P-hydroxypregna-4,6,9(l l)-trien-3-one-21-caiboxylic acid, Y-lactone 3- 
15 methyl enol ether (1, 300 mg, 0.8463 mmoles) in methylene chloride (5 ml) is cooled 
to -15^ then treated with ethylene glycol (220 mg, 3.544 mmoles, 4.19 equivalents). 
To this mixture is added drop wise over 30 min. a solution of DDQ (230 mg, 1 .0132 
nmioles, 1 .20 equivalents). After the addition is complete, the reaction is stinred at - 
1 5*^ for 5 min., at which time TLC analysis (ethyl acetate/cyclohexane, 66/34) shows 
20 conversion of the starting methyl enol ether (Rf = 0.69) into the corresponding 

ethylene ketal (Rf = 0.54) was nearly complete. The reaction is then quenched with 
concentrated ammonium hydroxide (0.5 ml), and filtered. The filtrate is then filtered 
through 1.0 g cartridge grade magnesol and concentrated to give the title compound, 
by comparison with an authentic sample, CMR (CDCI3) 14.37, 22.95, 24.54, 29.15, 
25 30.28. 3123, 32.87, 35.30, 38.17, 38.45, 44.27, 44.37, 64.15, 64.70, 95.07. 105.94, 
116.85, 122.39, 127.41. 130.24. 141.71, 145.76 and 176.51 5; NMR (CDCI3) 0.97, 
1.18, 1.3-2.9, 3.8-4.1, 5.29, 5.45. 5.70 and 5.99 5. 
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EXAMPLE 3 17p-Hydroxy-7a-(5'-methyI-2'-fiiod)-pregna-4,9(l l)-dien-3- 

one-21-carboxylic acid, Y-lactone (11) 




5 A'-canrenone (I, 90.0 g, 0.2659 moles) is mixed with nitromethane (730-735 

ml). Then 2-methylfuran (49.5 ml, 45.04 g, 0.5487 moles, 2.06 equivalents) is added. 
The resulting mixture is cooled to -20^ then treated with absolute ethanol (15.8 ml, 
12.55 g, 0.2723 moles, 1.02 equivalents) followed by boron trifluoride etherate, (d = 
1 . 1 20; 37.2 ml, 4 1 .66 g, 0.2936 moles, 1.10 equivalents). The mixture is recooled to 

1 0 -1 8.4^ and stirred for 1 7 hrs., at which time the reaction was complete by LC. The 
reaction mixture is quenched with ammonia (15% aqueous, 225 ml). The mixture is 
warmed to above 0^, water (200 ml) is added, the organic phase is separated, and the 
aqueous phase is extracted with methylene chloride (2 x 200 ml). The organic 
extracts are dried over magnesium sul&te (100 g) then filtered through magnesol (100 

15 g cartridge grade), washing the cake with methylene chloride (5 x 200 ml). The eluate 
is then concentrated under reduced pressure to a foam, slurried with ethyl acetate (200 
ml) and reconcentrated, then dissolved in ethyl acetate (950 ml) at 50° to 60^ The 
mixture is concentrated to about 500 ml volume, then diluted with cyclohexane (250 
ml). The product begins to crystallize slowly. The slurry is reconcentrated to about 

20 500 ml volume, cooled to 20-25^ further concentrated to about 400 ml volume, then 
cooled to 0^. After overnight at 0% the slurry is filtered and the cake washed with 
cyclohexane followed by heptane and dried in a vacuimi oven at 50° to give the title 
compound, TLC = 0.37 (ethyl acetate/cyclohexane, 66734), CMR (CDCb) 13.38, 
14.12, 23.18, 26.83, 29.14, 31.26, 32.93, 33.93, 34.18, 35.39, 37.57, 38.52, 40.78, 

25 41.90, 42.39, 44.08, 95.19, 105.89, 107.12, 1 19.73, 126.24, 149.99, 152.74. 167.45, 
76.53 and 198.56; NMR (CDCb) 0.95, 1.43, 1.4-2.6, 2.16, 2.93, 3.30, 5.68 and 5.74 5. 
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The filtrate is concentrated to a foam which is dissolved in ethyl acetate (40 
ml), concentrated to about 20 ml, seeded, diluted with (^lohexane (20 ml), 
concentrated to about 30 ml, cooled to 0° over the weekend, then filtered, washed with 
ethyl acetate/cyclohexane (1/2) and dried to give additional title compound. 
5 EXAMPLE 4 17p-Hydroxy-7a-(/rfliw-l •,4'-dioxopent-2'-en-ryl)prcgna- 

4,9(1 l)-dien-3-one-21-caibox^c acid, y-lactone {Ul'trms) 




Step A: 17p-Hydroxy-7a-(<7^-l\4*-dioxopent-2'-en-ryl)pregna-4,9(l l)-dien- 
3-one-21-caii>ox^ic acid, y-lactone (III-ct$) 

10 A mixture of 17p-hydroxy-7a-(5*-methyl-2*-furyl)-pregna-4,9(l l)-dien-3-one- 

21-carboxylic acid, Y-lactone (II, EXAMPLE 3, 5.04 g, 1 1.9843 mmoles) and 
potassium acetate (1 .7 g, 1 7.32 nmioles, 1 .45 equivalents) in THF (40 ml) and water 
(12.5 ml) at 23.8° is treated with dibromantin (2.0 g, 6.995 mmoles, 0.S8 equivalents) 
followed by isobutyl vinyl ether (500 [U, 384 mg, 3.834 mmoles, 0.32 equivalents). 

1 5 The reaction mixture is stirred at 20-25° for 1 hr., at which time conversion of the 
starting material (II, Rf = 0.50) into cis- and trans-enedione (Rf = 0.1 1) is complete by 
TLC (ethyl acetate/cyclohexane, 66/34). The reaction mixture is diluted with water 
(200 ml) and extracted with methylene chloride (2 x 100 ml). The extracts are 
combined, washed with water (50 ml), dried over magnesium sulfate, filtered and 

20 concentrated to give the cts-enedione (Ul-cis). 

Step B: 17p-Hydroxy-7a'</ranj-r,4*-dioxopent-2'-en-ryl)pregna-4,9(l 1)- 
dien-3-one-21-caxboxylic acid, y-lactone (JSL-trans) 

The concentrate (Step A) is taken up in chloroform (100 ml) and the mixture is 
stiired at 20-25*' for 20 hrs., at which time conversion of m-enedione into trans- 
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enedione is judged to be complete as measured by TLC and LC (cis/trans = 1.1/98.9). 
The mixture is then concentrated and the concentrate is taken up in ethyl acetate (20 
ml) at 20-2S^ and diluted with cyclohexane (80 ml), which induces crystallization. 
The slurry is cooled, filtered, and the cake washed with cyclohexane and dried under 

5 reduced pressure at SO^ to give die tide compound, CMR (CDCI3) 13.98, 23.28, 27.08, 
28.66. 29.01. 31.26, 32.77, 33.61. 34.01, 35.22, 35.28, 40.48, 40.51, 42.41, 44.43, 
48.13,94.77, 118.81. 126.03, 135.89, 137,04, 142.16. 165.21, 176,32. 197.81, 198.26 
and 200.18; NMR (CDCI3) 1.04, 1.30, 1.51, 1.5-3.6, 2.45, 5.71, 5.78 and 6.89 5; MS 
(electrospiay) m/e = 435 (p^-1) negative ion mode; 

10 EXAMPLE 5 17P-Hydn>xypregna-4.9(l l)-dien-3-one-7a,21-dicarboxylic 

acid, Y-lactone (VI) 




Step A: 1 7p-hydroxy-7a-( 1 '-oxo-2'-isopropoxy-2*-hydroxy-ethyl)pregna- 
4,9(1 l)-dien-3-one-21-caiboxylic acid, ylactone (IV-OH); 17p- 
15 hydn)xy-7a-<l '-oxo-2'-isopropoxy-2*-hydrohydroperoxyethyl)pregna- 

4,9(1 l)-dien-3-one-21-carboxylic acid, Y-lactone (IV-OOH) and 17P- 
hydroxy-7a-(2*-oxo-acetyl>-pregna-4.9(ll)-dien-3-one-21-carboxylic 
acid, Y-lactone (V) 
A mixture of 17P-hydn>xy-7ar(/mnr-r,4*-dioxo-pent-2*-en-ryl)pregna- 
20 4.9(1 l)-dien-3-one-21-carboxylic acid. Y-lactone (Dl-trans, EXAMPLE 4. 551 .8 mg. 
1.2640 mmoles) in isopropanol (1 1 ml) and methylene chloride (S ml) is cooled to - 
55^. Ozone in oxygen is bubbled through this mixture until 0.4 area% (by LC) trans- 
enedione (ED) remained. The mixture is purged of ozone by sparging with nitrogen for 
7 minutes to give a mixture of the title compounds. 
25 Step B: 1 7p-hydroxy-7a-(l '-0X0-2 '-isopn)poxy-2*-hydroxy-ethyl)piegna- 
4,9(1 l)-dien-3-one-21-carboxylic acid, T^lactone (IV-OH), 17p- 
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hydn>xy-7a-(l •,2'-dioxa-cthyl)prcgna-4,9(l l)-<lien-3-onc-21- 
carboxylic acid, Y^Iactone (V) and 17P-Hydn>xy-7a-(2*-oxo-acetyl)- 
pregna-4,9(l l)-dien-3-one-21-caiboxylic acid, y-lactone (V) 
The mixture of Step A is then quenched with dimethylsulfide (340 (U, 288 mg, 
S 4.630 nunoles, 3.66 equivalents), wanned to 20-25*^, stined at 20-25** for 50 min. to 
give a mixture of the title compounds. 

Step C: 17P-Hydroxypregna-4,9(l l)-dien-3-one-7a,21-dicaiboxylic acid, y- 
lactone (VI) 

The mixture of Step B is then treated with hydrogen peroxide (70% aqueous, 
10 430 pi, 560 mg, containing 392 mg (1 1.52 nunoles, 9.12 equivalents) of hydrogen 
peroxide) and a solution of potassium bicarbonate (637.7 mg, 6.369 mmoles, 5.04 
equivalents) in water (8 ml). The resulting two-phase mixture is diluted with enough 
methanol to produce a one-phase mixture (5 ml), which is then stirred at 20-25^ for 16 
hrs., then diluted to a volume of 500 ml with methanol for puipose of LC analysis. 
1 s LC analysis indicates the title compound is obtained by comparison with a known 
compound. 

A 20.0 ml portion of the 500 ml solution was withdrawn and furdier diluted 
with methanol to a volume of 50 ml. This solution (containing 17.3 mg [0.0450 
mmoles] carboxylic acid by LC) is concentrated to a low volume, diluted with water, 

20 acidified with hydrochloric acid (IN), and extracted with methylene chloride (2 x). 
The two extracts are each washed in sequence with water, then combined and 
concentrated. The concentrate is taken up in methanol/toluene (1/1; 2 ml) and treated 
with a mixture of trimethylsilyldiazomethane, (CH3)3SiCHN2, in hexane (2.0 M, 0.25 
ml, 0.50 nmioles, 11.1 equivalents). TLC analysis (ethyl acetate/cyclohexane; 66/34) 

25 indicates the title compound is obtained, Rf = 0.23; LC analysis (2 10 nm detection) 
indicates the same retention time as a known standaxd and that the title compound is 
obtained. 

EXAMPLE 6 17P*Hydroxypregna-4,9(l l)-dien-3-one-7a,21-dicaiboxylic 

acid, Y-lactone, methyl ester (Vm) 



-111- 



wo 03/082895 



PCT/US03/07793 



O 




10 



15 



The remainder of the 500 ml mixture of Step C of EXAMPLE S (479 ml, 
containing 414.4 mg [1.0777 mmoles] 17P-hydroxypregna-4,9(l l)-dien-3-one 7o,21- 
dicaiboxylic acid, Y-lactone (VI, EXAMPLE 5C) is concentrated partially, diluted 
with water (20 ml), concentrated to a volume of about 20 ml, treated with 
hydrochloric acid (18 ml) and extracted with methylene chloride (25 ml, then 2x15 
ml). The extracts are washed with water (30 ml), combined, and concentrated to a 
volume of SO.O ml. Half of this mixture is concentrated to a low volume, diluted with 
eth^ acetate, and extracted with potassium bicarbonate (25% aqueous, 20 ml, then 10 
ml). The extracts are combined, acidified to pH 3 with hydrochloric acid (IN) and 
extracted with methylene chloride (40 ml, then 2x15 ml). The extracts are then 
combined, washed with water, concentrated to a volume of <1 ml, and treated with a 
solution of sodium carbonate (349.6 mg, 3.298 mmoles, 6.12 equivalents based on 
caiboxylic acid) in water (LO ml) followed by tetra-n-butylammonium bisulfate, in- 
butyl)4NHS04. (20.4 mg, 0.0601 mmoles, 0.1 1 equivalents) followed by 
dimethylsulfate (108 144.0 mg, 1.14 mmoles, 2.1 1 equivalents). The nuxture is 
diluted with methylene chloride (0.1 ml), stirred at 20-25^ for 11. 5 hrs., treated with 
hydrochloric acid (1 N, 10 ml) and extracted with methylene chloride (10 ml, then 2 x 
5 ml). The extracts are combined, washed with water, and concentrated to give the 
title compound, consistent with a known standard. 

EXAMPLE 7 17p-Hydroxy-7a-(cu-3*-acetoxyaciyloyl>pregna-4,9(ll)-dien- 



3-one*21 -caiboxylic acid, y-lactone (Xrcis) 



o 
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A stream of 03/02 (ozone/oxygen) is passed through a cold (-78^ mixture of 
17p-hydroxy-7aK5'-methyl-2'-fuiyl>pregiia-4,9(l l)-dien-3-one-21-carboxy!ic acid, 
Y-lactone (n, EXAMPLE 3, 3.0138 g, 7.1663 mmoles) in methylene chloride (40 ml) 
and methanol (10 ml) until the starting material had been consumed (LC» 25 min),then 

5 the mixture is purged with O2 followed by nitrogen, quenched with trimethjdphosphite 
(3.0 ml, 3.16 g. 25.435 nunoles, 3.55 equivalents), and warmed to 20-25**. After 
stirring for 1 hr., LC analysis indicates the title compound is obtained, CMR (100 
MHz^CDCb) 198.49, 198.23. 176.43. 166.63, 166.10, 142.74, 142.44, 125.87. 
1 18.12, 1 10.39. 94.99. 49.30, 44.47, 42.30, 40.59, -40, 35.46, 35.33, 34.1 1, 33.63, 

10 32.83, 31.37, 29.11, 27.26, 23.31, 20.67 and 14.06 5; NMR (400 MHz, CDCI3) 0.94, 
1.40, 1.5-2.9, 2.29, 5.38, 5.63 and 7.48 8. 

EXAMPLE 8 17p-Hydroxy-7a-(/rflnj.3'-acetoxyaciyloyl)-pregna-4,9(ll)- 
dien-3-one-21-caiboxylic acid, y-lactone (X-trans) 




15 After stirring the reaction mixture of EXAMPLE 7, 17p-hydroxy-7a-(cw-3*- 

acetoxyacryloyl)*pregna-4,9(l l)-dien-3-one-21-caiboxylic acid, y-Iactone (X-c£^. 
EXAMPLE 7) for 1 hr., the reaction mixture is quenched with hydrochloric acid (S% 
aqueous. 25 ml) and stirred at 2&-25° for 20 min.. at which time isomerization to (rans 
is complete. The oiganic phase is then separated, concentrated, and flash 

20 chromatographed (silica gel, ISO g; gradient elution, 40% -4 70% ethyl 

acetate/cyclohexane) to give the title compound. This material is then crystallized 
fiom ethyl acetate/heptane (70/30) to give the title compound in pure form, CMR (100 
MH2,CDCl3) 199.25, 198.39, 176.41, 166.79, 166.39. 149.00, 142.57, 125.67, 
1 18.20, 1 13.1 1. 94.90, 47.75, 44.40. 42.40. 40.45. -40. 35.63. 35.25, 34.01, 33.56. 

25 32.73, 31.29, 29.04, 27.14, 23.32, 20.47 and 13.98 8; NMR (400 MHz, CDCI3) 1.14, 
1.4-4.1, 1.61. 2.44. 5.75. 6.14 and 8.41 S. 
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EXAMPLE 9 1 7p-Hydroxy-7a-(2'-hydroperoxy-2'-methoxyacetyl)pregna- 

4,9(1 l)-dien-3-one-21-cart>oxyUc acid, y-lactone (IV^H) 




S A stream of ozone/oxygen is passed through a cooled (-78°) mixture of 1 7^- 

hydroxy-7a-(/ran5-3'-acetoxyaciyloyl>'pregna-4,9(l l)-dien-3-one-21-carboxylic acid, 
f-lactone (X-rrortf , EXAMPLE 8, 3 1 LO mg, 0.6872 mmoles) in methylene/methanol 
(2/1,6 ml) until a blue color persisted (3 min.). The excess ozone is purged with 
oxygen followed by nitrogen, then the reaction mixture is wanned to 20-25^ and 

ID dihited with methylene chloride to 10 ml. A portion of fhis mixture (3.S ml, from 
0^405 mmoles Irans-enolacetate) is concentrated to dryness to give the title 
compound. 

EXAMPLE 10 5a,17p-Dihydroxyprega-9(l l)-ene-3-one 7a, 21-dicarboxylic 
acid, bis-y-lactone (VII) 

ts 




17p-Hydn)xy-7a-(2'-hydroperoxy-2'-methoxyacetyl)pregna-4,9(ll)-dien-3- 
one-21carboxylic acid, y-lactone (IV-OOH, EXAMPLE 9, 3.5 ml, from 0.2405 
mmoles /ran^-enolacetate) is concentrated to dryness and the residue dissolved in 
20 trifluoroacetic acid (1 .0 ml), stirred at 20-25° for 20 min., then diluted with ethyl 
acetate (1.0 ml), washed with aqueous sodium bicarbonate, diluted with methylene 
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chloride (2.0 ml), washed with diluted aqueous hydrochloric acid and concentrated. 
The concentrate is taken up in methylene chloride (1.0 ml), stined with aqueous 
hydrochloric acid (6N) for 30 min, then concentrated to give the title compound, CMR 
(100 MHz, CDCb) 206.39, 176.80, 175.59, 139.66, 124.11,95.12,91.11,47.14, 
5 43.99, 42.45, 41.66, 41.63, 41,15, 39.01, 37.04, 35.23, 33.08, 32.50, 31.42, 29.21, 
23.16, 23.06 and 14.30 8; NMR (400 MHz, CDCI3) 0.94. 1.40, 1.5 - 2.6, 2.80, 5.70 8; 
MS (CI, NH3) m/e = 402 (100%, P + NH4). 

EXAMPLE 1 1 17P-Hydroxy-7a-(2*-oxo-acet>1)-pregna-4,9(l l)-dien-3-one- 
21-carboxylic acid, ^-lactone (V) 

10 




A stream of ozone/oxygen is passed through a cooled (-79^ mixture of 17P- 
hydroxy-la-itranS'l *,4*-dioxopent-2*-en-ryl)pregna-4,9-dien-3-one-21-carboxylic 
acid, y-lactone (SR-trans, EXAMPLE 4B, 503,4 mg, 1.1531 mmoles) in methylene 

15 chloride/methanol (1/1, 4.0 ml) until TLC analysis (acetone/methylene chloride, 3/7) 
indicates that conversion of starting material (Rr= 0.70) to a more polar product (Rf = 
0.45) is complete (10 min.). The reaction mixture is then quenched with 
dimethylsulfide (0.20 ml, 169 mg, 2.72 mmoles, 2.34 equivalents), stirred at 20-25** 
for 1 hr., and then concentrated. The concentrate is flash chromatographed (silica gel, 

20 60 g; gradient elution, acetone/methylene chloride 5% 25%) to give the title 
compound, CMR(100MHz,CD3CN) 198.68, 197.54, 187,93, 176.09. 166.40, 
142.33, 125.02, 1 18.56, 94.44, 42.49, 40.34, '>40, 39.87, 34.60, 33.83, 33.56, 
33.32, 32.39. 30.53, 28.39, 26.16, 22.43 and 13.22 8; NMR (400 MHz. CD3CN) 0.87, 
1.37, 1.2-2.9, 5.49, 5.63 and 8.93 8; MS (CI. NH3) m/e = 397 (P + H, 100%). 
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EXAMPLE 12 1 la,17p.Dihydroxy-7a-(S*-methyl-2'-fuiyl)-pregn-4^^ 
21-carboxylic acid, y-lactone (II) 




5 A mixture of 1 1 a-hydroxycanrenone (1, 30.00 g, 84. 1 586 mmoles) in nitromethane 
(240 ml) and methylene chloride (60 ml) is cooled to -20° then treated with 2- 
methylfiiran (15.6 ml, 14.20 g, 0.1729 moles, 2.05 equivalents) followed by ethanol 
(5.1 ml, 4.03 g, 87.454 mmoles, 1.04 equivalents) followed by boron trifluoride 
diethyl etherate (BF30Et2, 12.0 ml, 13.44 g, 94.695 nunoles, 1.13 equivalents). The 

10 reaction mixture is stirred at -17** for 20 hrs., then quenched with ammonia (15% 
aqueous, 60 ml), extracted with methylene chloride (120 ml), dried over sodium 
sul&te (40 g) and concentrated. The concentrate is dissolved in methylene 
chloride/ethyl acetate (1/1, 300 ml) concentrated to a volume of 75 ml, diluted with 
150 ml cyclohexane, concentrated to a volume of 200 ml, and filtered to give the title 

15 compound, CMR (75 MHz, CDCb) 199.59. 176.67, 170.1 1, 152.92, 150.28, 126.20. 
108.67, 105.90. 95.18. 68.55. 52.05, 45.84, 45.58, 43.08. 39.73, 38.62, 38.42, 37.47, 
36.54, 35.26, 34.17, 30.91, 29.05, 22.62, 18.40, 15.58 and 13.44 8; NMR (300 MHz, 
CDCI3) 1.01. 1.1-3.2, 1.41, 2.20, 4.12, 5.73, 5.83 and 5.93 6. 

The filtrate is concentrated. The concentrate is taken up in ethyl acetate (30 ml 

20 warm), cooled to 10^ and filtered to give a second crop of ciystal of the title 
compound. 

EXAMPLE 13 17p-Hydroxy.7a-(5'-mcthyl-2'-fiiryl).pregna-4,9(l l)-dien-3- 

one-21-carboxylic acid, y-lactone (II) 
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00 



A mixture of 1 la,17pKUhydroxy-7a-^5'-methyl-2'-fuiyl)-pregn-4-en-3-<^^ 
21-carboxylic acid, y-lactone (11, EXAMPLE 12, 438.3 mg, 0.9994 mmoles) in THF 
(7.3 ml) is cooled to -SO^, then treated all at once with solid phosphorous 

5 pentachloride, (PCI5, 287.5 mg, 1.381 mmoles, 1.38 equivalents). After stirring for 42 
min., analysis by LC indicates that conversion to the title compound is complete. 
After another 21 min., the mixture is quenched with water (22 vol) and warmed to 20- 
25°. After 20 min., the mixture is extracted with methylene chloride (2x15 ml), dried 
over magnesiiun sulfate, and concentrated to give the title compound, identified by LC 

10 retention time comparison with a sample from EXAMPLE 3. 

EXAMPLE 14 9a,l la-Epoxy-17P-hydroxy-7a-{5'-methyl-2*-fiiiyl>piegn-4- 
en-3-one-21-cart>oxylic acid, ^lactone (H) 




15 

A mixture of 9a,l la-epoxycanrenone (I, J. Med Chem., 6, 732 (1963) and 
Helv. Chim. Acta 80, 566 (1997), 10.0135 g, 28.2508 mmoles) in nitromethane (80 
ml) and methylene chloride (20 ml) is cooled to -20*^ then treated with 2-methylftiran 
(5.10 ml, 4.64 g, 56.529 mmoles, 2.00 equivalents) followed by ethanol (1.7 ml, 1.343 
20 g, 29. 1 5 1 mmoles, 1 .03 equivalents) followed by boron trifluoride diethyl etherate 
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(BFs'OEti, 3.6 ml, 4.03 28.408 mmoles, 1.01 equivalents). The reaction mixture is 
sturred at -20^ for 24 hrs., at which time conversion to the product is complete as 
determined by LC, so the reaction is quenched with aqueous ammonia (1S%, 10 ml), 
extracted with methylene chloride (2 x 100 ml), and concentrated to a residue which is 

5 flash chromatographed (S60 g silica gel; gradient elution, 50% -¥ 90% ethyl 
acetate/cyclohexane). The material obtained by chromatography is triturated with 
cyclohexane (100 ml) at reflux for two hrs., then cooled to 0^ and filtered to give the 
title compound, CMR(75 MHz, CDCI3) 198.10, 176.26, 165.67, 153.19, 149.96, 
127.56, 107.92, 106.14, 94.66, 65.45. 49.92, 43.82, 40.00, 39.18, 37.43, 37.37, 35.54, 

10 35.00, 33.24, 31.00, 30.81, 28.91. 26.98, 22.26, 22.00, 16.61 and 13.47 8; NMR (300 
MHz, CDCI3) 1.02, 1.3*3.0, 1.52, 2.20, 3.28, 5.85, 5.92 and 6.01 5. The assigned 
structure is confirmed by X-ray crystallography. 

EXAMPLE 15 17P-Hydn)xypregna-4,9(l l)-dien-3-one-7a,21-dicaiboxylic 
acid, Y-lactone (VI) via direct ozonization of 17P-hydn>xy-7a- 
1 5 (cw-4*-oxO'pent-2*-enoyl)-3-oxo-pregna-4,9( 1 1 )-diene-2 1 - 

caxboxylic acid, y-lactone QS-^is) 




A stream of ozone/oxygen is passed through a cooled (-55^ mixture of 17^- 



20 hydroxy-7a-(cis-4*-oxo-pent-2'-enoyl)-pregna-4,9(l l)-dien-3-one-2 1 -carboxylic acid, 
Y-Iactone (lU-cis, EXAMPLE 4 Step A, 52.4 mg, 0. 1200 mmoles) in methylene 
chloride/isopropyl alcohol (1/1, 3.0 ml) containing water (50 mg, 2.77 nunoles, 23.1 
equivalents) until disappearance of starting material is complete by LC (126 sees.). 
The reaction mixnire is then quenched with dimethylsulfide (0.033 ml, 27.9 mg, 0.449 

25 mmoles, 3.74 equivalents), stirred at 20*25^ for 45 min.. then diluted with methanol (5 
ml),treated with aqueous hydrogen peroxide (70%. 50 ^l. containing 45.6 mg [1.34 
mmoles, 1 1.2 equivalents] of hydrogen peroxide, treated with a mixture of potassium 

-118- 



wo 03/082895 



PCT/US03/07793 



bicaibonate (62.4 mg, 0.623 mmoles, 5. 19 equivalents) in water (2 ml) and the 
resulting mixture stirred at 20-2S^ After IS hrs, analysis by LC indicates formation of 
the title compound. 

EXAMPLE 16 17p-Hydroxypregna-4,9(l l)-dien-3-one-7a, 21-dicaitx>xylic 
5 acid, y-lactone (VI) via direct ozonization of 1 7p-hydroxy-7a- 

(franj-4'-oxo-pent-2*-eno)d)-pregna-4,9(l l)-dien-3-one-21- 
caiboxylic acid, Y-Iactone (jnrtrans) 




A stream of ozone/oxygen is passed through a cooled (-55^ mixture of 17^- 
10 hydroxy-7a-(/ranf-4*-oxo-pent-2'-enoyl)-pregna-4,9(l l)-dien-3-one-21-carboxylic 
acid, T^lactone (Hi'trans, EXANfPLE 4 Step B, 103.5 mg, 0.2371 mmoles) in 
methylene chloride/isopropyl alcohol (1/1,3 ml) containing water (50 mg, 2.77 
mmoles, 1 1.7 equivalents) until disappearance of starting material is complete by LC 
(100 sees.). The reaction mixture is ttien quenched with dimethylsulfide (CH3SCH3, 
IS 65 pi, 55.0 mg, 0.885 nunoles, 3.73 equivalents), stirred at 20-25^ for 4S min., then 
diluted to a volume of 10.0 ml with methanol. A S.O ml portion of this mixture is 
treated with aqueous hydrogen peroxide (70%, SO ^1, containing 4S.6 mg [1.34 
mmoles, 1 1.3 equivalents] of hydrogen peroxide, treated with a mixture of potassium 
bicarbonate (S9 mg, 0.589 mmoles, 4.97 equivalents) in water (2. 1 ml), and the 
20 resulting mixture stirred at 20-25**. After 15 hrs., analysis by LC (ESTD) indicates 
formation of the title compound, CMR (100 MHz, CDCI3) 199.96, 177.42, 174.28, 
169.06, 142.10, 124.86, 1 18.60, 95.60, 44.23, 43.48,42.61, 40.38, 39.79, 35.59, 35.08, 
33.73, 33.30, 32.57, 31.05, 28.98, 26.80, 22.92 and 13.68 6; NMR (400 MHz, CDCI3) 
0.96, 1.42, 1.5-3.0, 4.28, 5.64 and 5.74 5; MS (CI, NH3; m/e) = 402 (P +NH4^. 
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EXAMPLE 17 S(x»17P-DihydroxypregD-9(l l)-en&-3-one 7a, 21-dicari)oxylic 
acid, bis-Y-lactone, 3-diinethyl ketal (Vll-ketal) 
5a»17P-Dihydroxypregn-9(l l)-eiie-3-one 7a, 21-dicart»oxylic acid, bis-y- 
lactone (Vn, EXAMPLE 10) is treated with at least one equivalent of trimethyl ortho 
5 formate in the presence of a catalytic amount of /^toluenesulfonic acid by the 
procedure of btemational Publication W098/2S948, to give the title compound. 
EXAMPLE 18 17p-hydroxypregna-4,9(l l)-dien-3-one-7a,21-dicaxboxylic 
acid, Y-lactone, methyl ester (VIII) 




(VIII) 

10 1 la,17P-dihydioxypregn-4-en-3-one-7oe,21-dicarboxylic acid, y-lactone, methyl 

ester (Vm, Drugs of the Future, 24(5), 488-501 (1999), compound (VI)), 5.00g, 12.0 
nunol) is mixed widi acetonitrile ( 1 5ml). N-( 1 , 1 ,2,3,3,3)hexafluoropropyl)- 
diethylamine (V, 2.55 ml, 14.4 mmol) is added to this the steroid mixture and heated 
to 60*^ for 2.5 hours. The resulting mixture is cooled to 20-25*^ and the reaction is 

15 quenched with methanol (100 (iL). A saturated aqueous solution of potassium 
bicarbonate (15 ml) is added. The acetonitrile is then removed under reduced 
pressure. The resulting mixture is ^traded with methylene chloride (3 x 10 ml). The 
combined organic phases are washed with a aqueous solution of sodium chloride 
(10%, 20 ml). The solvent is dried with magnesium sulfate. The solvent is exchanged 

20 fipom methylene chloride to methyl /-butyl ether (MTBE). The mixture is concentrated 
to a final volume of 25 ml. The resulting slurry is stirred overnight and the fmal 
product, the title compound, is collected by filtration. 

EXAMPLE 19 17p-hydroxypregna-4,9(l l)-dien-3-one-7a,21-dicarboxylic 
acid, Y-lactone, methyl ester (VUl) 
25 1 la,l 7P-dihydroxypregn-4-en-3-one-7a,21-dicarboxylic acid, y-lactone, 

methyl ester (Vm, 5.00 g, 12.0 mmol) is placed in a flask with acetonitrile (15ml). To 
this mixture N-(l,l,2,3,3,3)hexafluoropropyl)- diethylamine (2.55 ml, 14.4 mmol) is 
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added and heated to 60^ for 2 his. The mixture is cooled to and the reaction is 
quenched with aqueous potassium hicaibonate (20% solution, 18 ml). The 
acetonitrile is removed under reduced pressure, the aqueous layer is extracted with 
methylene chloride (3x5 ml). The combined organic phases are washed with sodium 

5 chloride solution (10%, 10ml). The solvent is exchanged fiom methylene chloride to 
methyl isobutyl ketone/heptane to crystallize the title compound, mp = 198.6-199.5®; 
MS (m/z) calculated for C24H30O5 = 398.5 (M+), found 398.9(M+); NMR (CDCI3) 
5.69, 5.64, 3.62, 2.97, 2.84-1.47, 1.38 and 0.93 5; CMR (CDCI3) 98.5. 176.4, 172.5, 
166.5, 142.3, 125.6, 1 18.9, 95.0, 51.3, 43.0, 40.3, 35.6, 35.2, 34.1, 33.7, 32.8, 31.2, 

10 29.0. 27.1, 23.2 and 14.06. 

EXAMPLE 20 17p-hydroxypregna-4,9(l l)-dien-3-one-7oe,21-dicarboxylic 
acid, Y-lactone, methyl ester (Vm) 
1 la,17p-dihydroxypregn-4-en-3-one-7a,21-dicart)oxyUc acid, T^lactone, 
methyl ester (Vni, 80.00 g, 192. Immol) is placed in a flask with acetonitrile (80ml). 

IS To this mixture N-(l,l,2,3,3,3)hexafluoFopropyl)- diethylamine (40.8 ml, 224.8 

nmiol) is added and heated slowly to 45 to 50®, then held for 1-2 hours. The mixture 
is cooled to 20-25® and the reaction is quenched with aqueous potassium bicarbonate 
(72 g in 288 ml). Methylene chloride (240 ml) is added and after mixing the layers 
are separated. The aqueous phase is extracted with methylene chloride (100ml). The 

20 combined organic phases are washed with water (240 ml). The solvent is exchanged 
from methylene chloride to methyl teri-hutyl ether, and branched octane is added drop 
wise to crystallize the product which is the title compound. 
EXAMPLE 21 17p-Hydroxy-7a-(5*-methyl-2'-fiiryl>prcgna-4,9-dicn-3-on&- 
21-carbox^ic acid, y-lactone (II) 

25 Following the general procedure of EXAMPLE 3, using the same reactants 

and making non-critical variations, the title compound is obtained^ CMR (100 MHz, 
CDCI3) 198.56, 176.53, 167.45, 152.74, 149.99, 142.84, 126.24, 119.73, 107.12, 
105.89, 95.19, 44.08, 42.39, 41.90, 40.78. 38.52, 37.57, 35.39, 34.18, 33.93, 32.93, 
31.26. 29.14, 26.83, 23.18, 14.12 and 13.38 8; NMR (400 MHz, CDCI3) 0.95, 1,43, 

30 1.4-2.6, 2.16, 2.93 and 5.7 8. 

EXAMPLE 22 17p-Hydroxy-7a-(c£r-l •,4'^ioxopent-2*-en-l •yI)pregna-4,9- 
dien-3-one-21-cart>oxyiic acid, y-lactone (in<tf) 
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Following the general procedure of EXAMPLE 4, Step A, using the same 
reactants and making non-critical variations, the title compound is obtained, 
CMR (100 MHz. CDCI3) 202.28. --200, 199.05, 177.19, 166.56, 142.34, 138.49. 
134.39, 126.37, 1 19.90, 95.57, 49.63, 44.90, 42.39, 41.08, 41.04, 35.82, 35.75, 34.49, 
5 34.07, 33.25, 31.71. 30.12, 29.64, 27.49. 23.76 and 14.34 5; NMR (400 MHz, CDQa) 
0.93, 1.40. 1.4-2.9, 2.24, 5.66, 5.72, 6.15 and 6.28 5. 

EXAMPLE 23 1 7p-Hydfoxy-7a-(2'-hydropeioxy-2'-methoxyacetyl)pregna- 



10 and making non-critical variations, the titie compoimd is obtained, CMR (100 MHz, 
CDCI3) 203.54, 199.91, 177.51. 168.98. 142.42, 125.05, 117.89, 105.90, 95.58, 55.82, 
44.21, 44.21, 42.17, 41.21, 40.37. 35.33, 34.84, 33.62, 33.16, 32.38, 30.79, 28.84, 
26.72. 23.02 and 13.55 5; NMR (400 MHz, CDCI3) 0.94, 1.42, 1.4-2.8, 3.57, 4.34, 
4.75 and 5.63 8. 

15 EXAMPLE 24 173-Hydroxy-7a-(5'.mcthyl.2'.fiiiyl)-pregna-4.9(l l)-dien-3- 



(0 01) \ 

A mixture of A^-canrenone (1, 105 g, 0.31024 moles) in acetonitrile (450 ml) is treated 
20 with ethanol (21.0 g. 0.4558 moles. 1.47 equivalents), isopropanol (1.5 ml, 1.177 g, 
19.592 mmoles, 0.063 equivalents), and 2-methyljEuran (48.5 g, 0.5907 moles, 1.90 
equivalents), then cooled to -18° and treated with boron trifluoride diethyl etherate 
(63.0 g, 0.4439 moles, 1 .43 equivalents) over 4 hours. After stirring at -18° for 24 
hrs., the mixture is quenched with triethylamine (38.0 g, 0.3755 moles. 1.21 
25 equivalents) and concentrated to a thick slurry, which is diluted with water (350 ml), 
extracted with methylene chloride (400 ml), washed with water (350 ml), then 
concentrated, n-propyl acetate added, and further concentrated to give a slurry, which 



4,9(1 l)-dien-3-one-21-carboxylic acid, y-lactone (IV-OOH) 
Following the goieral procedure of EXAMPLE 9, using the same reactants 



one-21-carboxylic acid, y-lactone (D) 
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is cooled to 0^ filtered, and the cake washed with n-propyl aoetate/methyl-t-butyl 
ether (1/1) followed by meth^-r-butyl ether to give the title compound, identified by 
IX retention time comparison with a sample fiom EXAMPLE 3. 
EXAMPLE 25 Sa,17p-Dihydroxypregn-9(l l)-ene-3«one, 7ce,21-<iicaiboxylic 
5 acid, bis-y-lactone (VII) 




A mixture of 17p-hydroxy-7a-(5'-methyl-2'-fixryl)-pregna-4,9(l l)-dien-3-one- 
21-carboxylic acid, Y-Iactone (II, EXAMPLE 24, 100 g, 0.23778 moles) and 
potassium acetate (50.0 g, 0.5094 moles, 2.14 equivalents) in acetone (500 ml) and 

10 water (150 ml) is cooled to -10° and treated with a slurry of dibromantin (34.0 g, 
0.1 189 moles, 0.50 molar equivalents) in water (100 ml) until a rise in the redox 
potential occurred. At this point, LC analysis indicated complete conversion into 
enedione (lU-cw). The reaction mixture containing the enedione (ffl-cw ) is then 
quenched with isobutyl vinyl ether (1.0 ml, 0.768 g, 7.668 mmoles, 0.032 

1 5 equivalents), concentrated to a thick slurry, diluted with methylene chloride (200 ml), 
and treated with 20** concentrated hydrochloric acid (50.0 ml, 0.50 moles, 2.10 
equivalents). The mixture is stirred at 20-25^ for 2 hrs., at which timie LC analysis 
indicated complete conversion to enedione (IH-trans). The organic phase containing 
the enedione (Ul'trafts) is separated, diluted with methylene chloride (80 ml) and 

20 methanol (300 ml), and cooled to --48°. A stream of O3/O2 is bubbled through this 
mixture imtil LC analysis indicated complete disappearance of the enedione (III- 
trans), then the mixture is quenched with dimethylsulfide (30.0 ml, 25.38 g, 0.4085 
moles, 1 .72 equivalents), stirred at -20° for 16 hrs., concentrated to a volume of about 
300 ml, diluted with methanol (350 ml), concentrated to a volume of about 300 ml, 

25 diluted with isopropanol (40 ml) and methanol (80 ml), then treated with a warm (55- 
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60^ solution of potassium bicarbonate (120 g, 1.1986 moles, S.04 equivalents) in 
water (240 ml). This sluny is cooled to S-10^ then hydrogen peroxide (S0%, 66.0 g, 
containing 33.0 g (0.9703 moles, 4.08 equivalents) hydrogen peroxide) is added over 
3 hrs. The mixture is stirred for four hrs. and quenched with dimethylsulfide (40 ml, 

S ' 33.84 g, 0.S447 moles, 2.29 equivalents). After stirring at 20*25'' for 23 hrs., the 
mixture is diluted with methylene chloride (100 ml) and water (80 ml), and acidified 
to pH = 3.0 with concentrated hydrochloric acid. The two-phase mixture is heated to 
36°, then the phases are separated and the aqueous phase extracted with methylene 
chloride (100 ml). The organic phases are combined, washed with water (75 ml), and 

10 the aqueous phase is back-extracted with methylene chloride (25 ml). The organic 
phases are combined, concentrated to a volume of 150 ml, then treated with 
benzenesulfonic acid (1 .0 g of 90% pure material, containing 0.90 g (5.690 mmoles, 
0.0239 equivalents) benzenesulfonic acid) and acetone (50 ml). The mixture is then 
concentrated atmospherically to a volume of 160 ml, then diluted with acetone (250 

15 ml), concentrated to a volume of 200 ml, cooled to 12°, and filtered. The filter cake is 
washed with cold acetone (2 x 25 ml) and dried by nitrogen stream to give the title 
compound, CMR (100 MHz, CDCI3) 206.08, 176.47, 175.41, 139.63, 124.00, 94.89, 
90.97, 47.08, 43.90, 42.36, 41.58, 41.07, 38.93, 36.97, 35.16, 33.01, 32.42, 32.42, 
31.35, 29.10, 23.08, 22.98 and 14.23 8; NMR (400 MHz, CDCI3) 0.94, 1.40, 1.4-2.8 

20 and 5.70; MS (CI, NH3) m/e = 385 (P + H, 100%). 

EXAMPLE 26 1 7p-Hydroxy-7a-carbomethoxypregna-4,9(l 1 )-dien-3-one-2 1 - 
carboxylic acid, y-lactone (Vm) 




A mixUire of 5a,17P-dihydroxypregn-9(l l)-ene-3-one, 7a,21-dicaiboxylic 
25 acid, bis-y-lactone (VII, EXAMPLE 25, 50.0 g, 0. 1 3005 moles) and potassium 
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bicaibonate (16.92 g, 0.1690 moles, 1.30 equivalents) in acetone (200 ml) and water 
(100 ml) is stirred at 45° for 2 hrs., at which time conversion of the 5,7-lactone (VII) 
into the carboxyiic acid (VI) is complete by LC. The resulting mixture is then treated 
with dimethylsuliate (22.92 g, 0.1817 moles, 1.40 ecjuivalents), stirred at 45"" for 3 

5 hrs., then treated with a solution of potassium bicarbonate (1.3 g, 0.0130 moles, 0.100 
equivalents) in water (10 ml) followed by neat triethylamine (1 .81 ml, 1 .3 14 g, 0.0130 
moles, 0. 100 equivalents). The mixture is stined at 4S° for 1 hr., quenched with 
concentrated hydrochloric acid (1.92 ml, 2.304 g, containing 0.852 g (0.0234 moles, 
0.180 equivalents) hydrochloric acid), cooled to 0^, concentrated imder reduced 

10 pressure to a volume of 1 50 ml (pot temperature 13^, then filtered and the filter cake 
is washed with water (2 x 25 ml) and dried to give the title compound, by comparison 
with an authentic sample by LC. 

EXAMPLE 27 17p-Hydroxy-7a-(5'-t-butyl-2'-fiiryl)-pregna-4,9(l l)-dien-3- 



one-21-caiboxylic acid, y-lactone (U) 

O O 



15 




A mixture of A -canrenone (1, 3.0002 g, 8.8645 mmoles) and 2-/-butylfuran 
(2.53 ml, 2.204 g, 17.745 mmoles, 2.00 equivalents) in nitromethane (12.0 ml) is 
treated with ethanol (0.52 ml, 413 mg, 8.96 mmoles, 1.01 equivalents), cooled to 

20 - 20^ and treated with boron trifluoride diethyl etherate (1 .24 ml, 1 .389 g, 9.785 

mmoles, 1.10 equivalents). The resulting mixture is stirred at -20° for 24 hrs., then at 
-5° for 12 hrs., then at 0° for 4 hrs., at which time the reaction appeared about 90% 
complete by TLC. The reaction is quenched with ammonium hydroxide (7%, 30 ml) 
extracted with methylene chloride (3 x 50 ml), dried over magnesiimi sulfate, and 

25 concentrated. The concentrate is flash chromatographed on (silica gel, 150 g; gradient 
elution, 10% —> 50% ethyl acetate/cyclohexane). The fractions containing pure 
product are combined and concentrated to give the title compound, CMR (100 MHz, 
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CDCb) 198.56, 176.53, 167.87, 162.48, 153.02. 142.91. 125.84, 119.42, 106.70, 
101.88, 95.21, 44.05, 42.87, 41.90, 40.84, 38.17, 37.80, 35.52, 34.20, 34.02, 32.97, 
32.40, 31.33, 29.18, 28.71, 26.79, 23.17 and 14.14 8; NMR (400 MHz, CDCb) 0.95, 
1.16, 1.45, 1.5 - 2.6, 2.94, 3.30, 5.64, 5.72 and 5.76 5. 

EXAMPLE 28 1 la, 1 7p-Dihydroxy-7a'<5*-t-butyl-2'-fuiyl)-pTegn-4-en-3-one- 
21-cartx)xylic acid, Y>lactone (D) 





to A mixture of 1 la-hydroxycanrenone (1, 2.03 g, 5.6947 nimoles) and 2-/- 

butylfiiran (1.70 ml, 1.481 g, 1 1.924 mmoles, 2.09 equivalents) in nitromethane (16 
ml) is cooled to -20^ treated with ethanol (0.35 ml, 0.276 g, 5.99 mmoles, 1 .05 
equivalents) and boron trifluoride diethyl etherate (0.83 ml, 0.930 g, 6.550 nmioles, 
1.15 equivalents), and stirred at -20^ for 21 hrs., at which time LC analysis indicates 

IS that the reaction is complete. The reaction mixture is then quenched with anmionium 
hydroxide (15%, 5.5 ml), diluted with water, extracted with methylene chloride (2 x 
25 ml), dried over magnesium sulfate, filtered through 5.0 g magnesol, and 
concentrated to a foam, which is flash chromatographed (silica gel, 200 g; gradient 
elution 20% 70% ethyl acetate/cyclohexane). The firactions containing the product 

20 are combined and concentrated to give the title compound, UV A«nu = 238 m^i. 

EXAMPLE 29 1 la,17p-Dihydroxy-7a-(4*-bromo-2'-furyl)-prcgn'4^-3-one- 
2 1-carboxylic acid, y-lactone (II) 
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A mixture of 1 la-hydroxycanrenone G» 2.0 g, S.6425 mmoles), ethylene 
glycol (0.84 ml, 0.935 g, 15.06 mmoles, 2.67 equivalents), and 3-bromofuran (3.0 ml, 

5 4.905 g, 33.372 mmoles, 5.91 equivalents) in nitromethane (32 ml) at 20-25'' is treated 
with boron trifluoride diethyl etherate (1.4 ml, 1.568 g, 1 1.048 mmoles, 1.96 
equivalents) and stirred at 20-25^ for 20 hrs., at which time the reaction is > 80% 
complete by LC. The reaction is then quenched with water, extracted with ethyl 
acetate, and concentrated to give a foam, which is dissolved in methylene chloride (10 

10 ml) and flash chromatograpbed (silica gel, 150 g; gradient elution 0 — > 6% 

isopropanol/methylene chloride). The product-containing fractions are then combined 
and rechromatographed (silica gel, 100 g silica gel; gradient elution 0-^5% 
isopropanol/methylene chloride). The product-containing fractions are combined and 
crystallized from ethyl acetate/cyclohexane (1/2) to give the title compoimd, CMR 

15 (100 MHz, CDCI3) 199.77, 176.54. 168.67, 152.83, 142.43, 126.05, 1 13.41, 98.03, 
95.02, 69.19, 53.51, 46.26, 46.19, 43.40, 39,57, 38.72, 38.05, 37.48, 35.39, 34.77, 
34.24, 31.09, 29.1 1, 22.68, 18.46 andl5.84 5; NMR (400 MHz, CDCI3) 0.9 - 2.9, 
1.03. 1.42, 3.35, 4.1 1. 6.36 and 7.26 5; MS (CI, NH3) m/e = 503. 505 (100%, P + H). 
EXAMPLE 30 1 la,17p-Dihydroxy-7a<4*-methyl-2*-fijryl>pregn-4-en-3-one- 

20 2 1 -carboxylic acid, y-lactone (H) 




A mixture of 1 la-hydroxycanrenone (1, 816 mg, 2.2891 nunoles) and 3- 
methylfiiran (4.0 ml of 1.218 M solution in nitromethane, 4.87 nunoles, 2.13 
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equivalents) in nitromethane (4.0 ml) is cooled to -20** and treated with ethylene 
glycol (0.168 ml, 187 mg> 3.01 mmoles, 1.32 equivalents) followed by boron 
trifluoride diethyl etherate (0.284 ml, 318 mg, 2.241 mmoles, 0.98 equivalents). The 
resulting mixture is stirred at -20° for 20 hrs., at which time the reaction is 86% 
5 complete by LC. The reaction mixture is quenched with aqueous ammonium 

hydroxide (15%, 4 ml) diluted with water (10 ml), extracted with methylene chloride 
(2 X 20 ml), dried over magnesium sulfate, and concentrated The concentrate is flash 
chromatographed (silica gel, 60 g; gradient elution 50% 100% ethyl 
acetate/cyclohexane). The product-containing fractions are combined and 

10 concentrated. The concentrate is crystallized from cyclohexane/ethyl acetate (4/1) to 
give the title compound, CMR (100 NfHz, CDCh) 199.91, 176.62, 170.02, 150.94, 
140.81, 125.57, 115.27, 1 12.29, 95.07, 69.16, 53.50, 46.13, 45.99, 43.24, 39.52, 
39.46, 38.14, 37.35. 35.32, 34.18, 31.05, 29.07, 22.28, 18.46, 15.79 and 10.21 8; 
NMR (400 MHz, CDCI3) 1.04, 1.0 - 2.9, 1.42, 1.96, 3.14, 4.12, 5.34, 6.12 and 7.15 &; 

15 MS (CI, NH3) m/e = 439 (100%, P + H). 

EXAMPLE 31 17p-Hydroxy-7a-(5'-methyl-2^fuiyl>.pregna-4,9(ll)-dien-3- 
one-2 1 -carboxylic acid, y-lactone (II) 
Ishikawa reagent (2.4 mK, 13.7 mmol) is added to a mixture of 1 loc,17p- 
dihydn>xy-7a-(5'-methyl-2'-fuiyl)-pregn-4-en-3-one-21-caiboxylic acid, y-lactone (II, 

20 EXAMPLE 12, S g, 1 1 .4 nunol) in acetonitrile (2S mL). The mixture is heated to 60^ 
and is determined complete in 1 hr by HPLC. The resulting mixture is cooled to 22*^ 
and quenched with saturated aqueous sodium bicarbonate (15 mL). The organic 
solvent is removed under reduced pressiu^ aixd replaced with methylene chloride (50 
mL). The organic phase is separated, washed with water (30 mL) and concentrated to 

25 a volume of 20 mL. Water (30 mL) is added and the mixture is concentrated to a 

volume of 20 mL, This water distillation is repeated twice to remove the N,N-diethyl- 
2,3,3,3-tetrafluoiopriopionamide by-product. Then, methylene chloride (30 mL) is 
added to the resulting slurry to dissolve all solids. The organic layer is separated and 
the solvent is exchanged to n-propyl acetate to a final volume of 17-18 mL. The 

30 resulting slurry is cooled to -20^ for 12 hours. The product was collected by filtration 
and dried under ambient nitrogen to give the title compound, mp = 198-203°; NMR 
(400 MHz, CDCb) 5.737, 5.690, 3.300, 2.904, 2.164, 1.431, 0.952 and 2.569-1.358 5; 
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CMR(100MH2,CDCl3) 198.5, 176.5. 167,4, 152.7, 150.0, 142.8, 126.2, 119.7. 
107.1, 105.9. 952, 44.1, 42.4, 41.9, 38.5. 37.6, 35.4, 33.9, 32.9, 31.3. 29.1, 26.8, 23.2, 
14.1 and 13.4 8; MS calculated for C27H33O4 = 421.238 (M + H*). found = 421.2 m/z. 
EXAMPLE 32 9o,l la-Epoxy-17p.hydroxypregn-4-en-3-onc-7a,21- 
5 dicaiboxylic acid, Y-lactone (VI) 




A mixture of 173-hydroxy-7a-(2*-oxoacetyl)-pregna-4,9(l l)-dien-3-one-21- 
caiboxylic acid, y-lactone (V, EXAMPLE 1 1 , 6.7 mg. 0.0169 mmoles) in methylene 
chloride (0.5 ml) is treated with peracetic acid (35%, 4 ^1, containing 1 .58 mg, 0.0208 
10 mmoles, 1 .23 equivalents of peracetic acid), stirred at 20-25° for 25 hours, then 
treated with more peracetic acid (35%, 2 ^1, containing 79 mg, 0.0104 mmoles, 0.62 
equivalents of peracetic acid), then stirred at 20-25^ for 49 hrs., at which time LC 
analysis indicated conversion to the title compound, LC-UV (Amu = 244 nm); LC-MS 
(m/e400). 

IS EXAMPLE 33 7a-Allyl*17P-hydroxypregna-4,9(l l)-dien-3-one, 21-carboxylic 



acid, y-lactone (II) 




A mixture of 17p-hydioxypregna-4,6,9(l l)-trien-3-one-21-caiboxylic acid, 
lactone (1, 1.0171 g, 3.0052 nunoles) in methylene chloride (62 ml) is cooled to -30^ 
20 and treated with titanium tetrachloride in methylene chloride (1 .0 M, 1 5.0 ml. 1 5.0 
mmoles, 4.99 equivalents). The resulting mixture is treated with allyltrimethylsilane 
(3.0 ml, 2.16 g, 18.876 nunoles, 6.28 equivalents) and stirred at -30^ for 4 hrs., at 
which time conversion of the starling material into the product (Rr= 0.27) is nearly 
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complete by TLC (ethyl acetate/cyclohexane, 3S/6S). The reaction mixture is 
quendied with water (25 ml), extracted with methylene chloride (3 x 25 ml), and 
concentrated. The concentrate (weight = 1.6262 g) is flash duomatographed (silica 
silica gel, 150 g; gradient elution with ethyl acetate/cyclohexane, 1 5% 55%). The 
5 fiactions containing the more polar product (Rf = 0.27) are combined and concentrated 
to give the title compound, UV Xmu = 241 nm; CMR (100 MHz, CDCb) 198.65, 
176.46, 167.31, 143.22, 136.36, 126,51, 119.84, 116.80, 95:22,44.15,42.50,41.13, 
40.73, 37.33, 35.56, 35.43. 34.13, 33.78, 33.05, 31.65, 31.37, 29.14, 26.86, 23.04, 
and 13.78 5; NMR (400 MHz, CDCI3) 0.94. 1.37, 1.4 -2.6, 4.95. 5.01, 5.65 and 5.74 
10 5; MS (CI, NH3), m/e = 381 (P + H, 100%); 

The product is rechromatographed (silica gel, 60 g; gradient elution with ethyl 
acetate/cyclohexane, 1 5% 45%) to remove a more polar impurity (Rf = 0.06). The 
product-containing fiactions are combined and concentrated. A portion of the residue 
(96.8 mg) is taken up in methylene chloride (1 ml), diluted with ethyl acetate (2 ml), 
1 5 concentrated to a volume of less than 1 ml, and cooled to 0^ The supernatant is 
decanted and the crystals reciystallized from ethyl acetate at 0^. An X-ray 
crystallographic study confirmed the assigimient as 7a-allyl-17p-hydroxypregna- 
4,9(1 l)-dien-3-one, 21-caiboxylic acid, y-lactone. 
EXAMPLE 34 5a,17P-Dihydroxypregn-9(l l)-ene-3-one, 7a,21-dicaibox)dic 
20 acid, bis-y-lactone (VU) 

Step (1) - 17P-Hydroxypregna-4,9(l l)-dien-3-one-7oc,21<licarboxylic 
acid, y-lactone (VI) 

A mixture of 17p-hydroxy-7a-(5'-methji-2'-fuiyl>pregna-4,9(l l)-dien-3-one- 
21-carboxylic acid, y-lactone (II, EXAMPLE 3, 20 g, 47.5568 mmoles) in methanol 

25 (60 ml) and methylene chloride (60 ml) is cooled to -55^ Ozone in oxygen is 
bubbled through this mixture until 0.8 area % (by LC) of starting material (II) 
remains. The mixture is purged of ozone by sparging with nitrogen and then 
quenched with dimethylsulfide (16 ml, 13.5 g, 217.9 nunoles, 4.58 equivalents), 
warmed to 20-25^ stirred at 20-25** for 50 min. The resulting mixture is concentrated 

30 to 80 ml, methanol (25 ml) is added, and concentrated to 80 ml again. The mixture is 
then treated, at 5^ with a solution of iM>tassium bicarbonate (21 .6g; 21 5.7 mmoles; 
4.54 equivalents) in water (44 ml) followed by hydrogen peroxide (50% aqueous, 23.5 
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g, containing 1 1.7S g (34S.S mmoles, 7.27 equivalents) of hydrogen peroxide). After 

wanning to 20-30^ for one hour the mixture is quenched with dimethylsulfide (8 ml, 

6.7S g, 108.95 nunoles» 2.29 equivalents). Methylene chloride (20 ml) is added, and 

the pH adjusted to 3 widi hydrogen chloride (3 1 .5% aqueous, 26.0g containing 8.19g 

5 (224.4 mmoles; 4.72 equivalents) of hydrogen chloride. The mixture is waraied to 

dissolve and the phases separated. The upper aqueous phase is extracted with 

methylene chloride (10 ml) and the combined organic phases are extracted with water 

(10 ml). LC was performed on the methylene chloride mixture (after aqueous 

woiiaip) imder the following conditions: 

10 Column: Supelco Discovery RP Amide C16; 5 \i; 250 mm x 4 nun 

Flow: 1 ml/min 

I>etection: UV; 240 nm 

Mobile Phase: A: 950 g Water; 39 g Acetonitrile; 1 .Og Trifluoroacetic acid 
B: 754 g Acetonitrile; 39 g Water; l.Og Trifluoroacetic acid 
15 Gradient: To: 80%A/20%B 

T,5: 20%A/80%B 
T,5.i: 80%A/20%B 
T20: 80%A/20%B 
Run Time: 20 minutes 
20 Flow: 1 ml/min 

Injection Volume: 5 X 

Sample Prep: 5 X. or reaction mixture into 1ml of 1/1 Acetonitrile: 

phosphate bufiTer (1 ml phosphoric acid in 1 1 water; pH 
to 2.4 with sodium hydroxide) 

25 

The reaction LC major peak (72 area %) was at 10.52 minutes; retention time of a 
known standard of the carboxylic acid (VI) is 10.52 minutes. 

Step (2) - 5a,17P-Dihydroxypregn-9(l l)-ene-3-one, 7a,21- 
dicaiboxylic acid, bis-T^lactone (VII) 

30 The resulting organic phase containing 1 7p-hydroxypregna-4,9( 1 1 )-dien-3- 

one-7oe»21^icarboxylic acid, y^lactone (VI) is concentrated to 40 ml and para-toluene 
sulfonic acid monohydrate (10 mg; 0.042 mmoles; 0.001 equivalents) dissolved m 
acetone (15 ml) is added. Crystallization is observed after 30 minutes at reflux. The 
resulting sluny is concentrated to 50 ml and concentration continued while 

35 maintaining a constant volume by the addition of fresh acetone. After 80 ml of 

acetone has been added the slurry is cooled to 0^ and the solids collected by filtration 
to give the title compound, CMR (100 MHz, CDCI3) 206.07, 176.44, 175.41, 139.66, 
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123.98, 94.88, 90.99, 47.09, 43.91, 42.36, 41.57, 41.08, 38.93, 36.98, 35.17, 33.01, 
32.44, 31.36, 29.10. 23.08, 22.99 and 14.24 6; NMR (400 MHz, CDCI3) 0.94, 1.41, 
1.5 -2.6, 2.80 and S.70 5. 

EXAMPLE 35 1 7p-hydroxxpregna-4,9(l l)-dien-3-one-7a,2 l-dicarboxylic 
5 acid, Y-lactone, methyl ester (CII) 




1 la,17P-dihydroxypregn*4^n-3-one-7a,21-dicaiboxylic acid, y-lactone, methyl 
ester (CI, Drugs of the Future, 24(5), 488-501 (1999), compound (VI) and 
International Publication W098/25948, pages 76 and 280; 5.00 g, 12.0 mmol) is 

10 mixed with acetonitrile (IS ml). N-<l,l,2,3,3,3)hexafluoropropyl)-diethylamine 
(CVI, 2.55 ml, 14.4 nmiol) is added to this the steroid mixture and heated to 60^ for 
2.5 hours. The resulting mixture is cooled to 20-25** and the reaction is quenched with 
methanol (100 |iL). A saturated aqueous sohition of potassium bicarbonate (15 ml) is 
added. The acetonitrile is then removed under reduced pressure. The resulting 

15 mixture is extracted with methylene chloride (3x10 ml). The combined organic 
phases are washed with a aqueous solution of sodium chloride (10%, 20 ml). The 
solvent is dried with magnesium sul&te. The solvent is exchanged from methylene 
chloride to methyl /-butyl ether (MTBE). The mixture is concentrated to a final 
volume of 25 ml. The resulting slurry is stirred overnight and the final product, the 

20 title compound, is collected by filtration. 

EXAMPLE 36 17P-hydroxypregna-4,9(l l)-dien-3-one-7a,21-dicarboxylic 
acid, ^-lactone, methyl ester (CII) 
I la,17P-dihydroxypregn-4-en-3-one-7a,21-dicarboxylic acid, T^lactone, 
methyl ester (CI, 5.00 g, 12.0 nunol) is placed in a flask with acetonitrile (15ml). To 

25 this mixture the Ishikawa reagent (2.55 ml, 14.4 mmol) is added and heated to 60® for 
2 hrs. The mixture is cooled to 20-25® and the reaction is quenched with aqueous 
potassium bicarbonate (20% solution, 1 8 ml). The acetonitrile is removed under 
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reduced pressure, the aqueous layer is extracted with methylene chloride (3x5 ml). 
The combined organic phases are washed with sodium chloride solution (10%, 10ml). 
The solvent is exchanged from methylene chloride to methyl isobutyl ketone/heptane 
to crystallize the title compound, mp = 198.6-199.5''; MS (m/z) calculated for 

5 C24H30O5 = 398.5 (M+), found 398.9(M+); NMR (CDCI3) 5.69, 5.64, 3.62, 2.97, 2.84- 
1.47, 1.38 and 0.93 5; CMR (CDCI3) 98.5, 176.4. 172.5. 166.5, 142.3, 125.6, 1 18.9, 
95.0, 51.3. 43.0. 40.3, 35.6, 35.2, 34.1, 33.7, 32.8. 31.2, 29.0, 27.1. 23.2 and 14.0 6. 
EXAMPLE 37 17p-hydroxypregna-4.9(l l)-dien-3-one-7a,21-dicarboxylic 
acid, Y-lactone, methyl ester (CO) 

10 1 la.l7P-dihydroxypregn-4-en-3-one-7a.2lHlicarboxylic acid, y-lactone, 

methyl ester (CI, 80.00 g, 192.1mmol) is placed in a flask with acetonitrile (80 ml). 
To this mixture the Ishikawa reagent (40.8 ml, 224.8 mmol) is added and heated 
slowly to 45 to S0^ then held for 1-2 hours. The mixture is cooled to 20-25^ and the 
reaction is quenched with aqueous potassium bicarbonate (72 g in 288 ml). 

I S Methylene chloride (240 ml) is added and after mixing the layers are separated. The 
aqueous phase is extracted widi methylene chloride (100 ml). The combined organic 
phases are washed with water (240 ml). The solvent is exchanged from methylene 
chloride to methyl teit-butyl ether, and branched octane is added drop wise to 
crystallize the product which is the title compound. 

20 EXAMPLE 38 17p-hydroxypregna-4.9(l l)-dien-3-one-7a,21-dicarboxylic 

acid, Y-lactone, methyl ester (CO) 
1 la,17P-dihydn>xypregn-4-en-3-one-7a,21-dicarboxylic acid, y-lactone, 
methyl ester (CI. 80.00 g, 192.1 mmol) is placed in a flask with acetonitrile (80 ml). 
To this mixture the Ishikawa reagent (40.8 ml. 224.8 mmol) is added and heated 

25 slowly to 55 to 50^ then held for 1-2 hours. The mixture is cooled to 20-25'' and the 
reaction is quenched with aqueous potassium bicarbonate (37.3 g in 288 ml). 
Methylene chloride (240 ml) is added and after mixing the layers are separated. The 
aqueous phase is extracted with methylene chloride (100 ml). The combined organic 
phases are washed with water (80 ml). The solvent is exdianged from methylene 

30 chloride to methyl tso-butyl ketone, and branched octane is added drop wise to 
crystallize the product which is the title compound. 
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CHART A 
WhenRM is(-Al) 
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CHART A ■ Continued 
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CHART A - Continued 



(IV-OH) + (V) 



5 
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CHARTS 
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CHART C 




(IV-OOH) + (IV-OH) + (V) (VI) 
i 

Following the general procedure of CHART A and D 
I 

(K) 
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CHART D 
WhenR7.| is (-A1) 



5 




10 



(l-unproteded Arring) 



(ll-unprotected A-ring) 



(lll"CisHjnprotected A-ring) 
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CHART D - Continued 




(Ill-trans-unprotected A-ring) 
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CHART D - Continued 
(JH-cis) or {lUrtrans) or mixture of (Ill-ct?) and (ffl-Zrans) 




15 

(IV-OH unprotected A-ring) + (V-unprotected A-ring) + (Vl-unprotected A-ring) 
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CHART D - Continued 



(IV-OH unprotected A-ring) + (V unprotected A-ring) 




(VlHinpiotected A-ring) 




(Vll-unprotected 
A-ring) 



6 C. 




(Vlll-unprotected A-ring) 



O— CH, 



10 




(IX-unprotected A-ring) 



O— CH3 
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CHART E 
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CHART E- Continued 
(in-cis) or (Ul'trans) or mixture of (TH-cis) or (IH-lwns) 



5 




10 (IV-OH) + (V) + (VI) 
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CHART E - Continued 



(IV^H) + (V) 



5 
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CHARTG 
WhenR7.|is(-A2) 



5 




O Rb 



10 
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CHART G - Continued 
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CHART H 



When R7.1 is (-B)* (-C) or (-D1, -D2, -D3) 




(I) 




(II) 



10 




'CO — OH 



(VI) 
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CHART I 




o 
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CHARTK 



5 



10 




-152- 



wo 03/082895 



PCTAJS03/07793 



CHART Continued 
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CHART K- Continued 



5 




IS 
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CHART L 




(") 



Ishikawa Reagent 
or 

(CH3)2N-CF2-CF2-H 
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CHARTM 



10 




'CO CO — 

R4^ Re .C=C 



(lll-cts) 



or 




(Ill-trans) 



Rc ^CO— Ra 



Ishikawa Reagent 
or 

(CH3)2N^FrCF2-H 




(Ill-trans) 
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C^IARTN 



5 




Ishikawa Reagent 
or 

(CH3)2N-CF2-CF2-H 
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CHART N - Continued 
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CHARTO 



O 



I 



2-methylfuian 
absolute ethanol 
boron trifluoride etherate 



(1) 



10 



IS 




I 



dibromatin 
acetate 
aqueous hydrochloric acid 



(II) 




(Ill-trans) 
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CHART O - Continued 



I 



ozone 



dimethylsulfide 
hydrogen peroxide 
bicaibonate 



10 




(VI) 



IS 



/^-toluenesulfonic acid 




6— c 



(VII) 



20 



I 
I 

bicarbonate 
dimethylsulfate 



25 
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CLAIMS 

1 . A process for the preparation of a A^*^-ketal of formula (I-P) 




where R31 and R32 are 
5 ( 1 ) the same or different and are C1-C3 alkyl, and 

(2) taken with the attached -O-C-0- to form a cyclic ketal of 5 or 6 atoms of 
the formula 

-(CH2HCR33R34)nl-(CH2)- 

whereni is Cor 1; 
10 where R33 and R34 are the same or different and are 

CrC3 alkyl, 

which comprises 

(1) contacting a A^*^-3-enol ether of fomiula (Alkyl enol ether) 




(Alkyl enol ether) 



where R^ is 

CrC3 alkyl, 
CH3-CO-, 
a>-CO- or 

20 Rsi.iRsi.2RsioSi- where Rsi.i. Rsi.2 and Rsi.3 are the same or different and are 

C1-C4 alkyl; with a hydride abstractor and an alcohol selected from the group 
consisting of alcohols of the formula: 

(a) RsrOH, where R31 is as defined above, 

(b) R32-OH, where R32 is as defined above, 

25 (c) HO-(CH2HCR33R34)ni-(CH2)-OH where ni. R33 and R34 are as 

defined above, 

(d)HO-CH2-CH2-OH. 
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2. A process for the preparation of a A'^'^-ketal of formula (I-P) according to claim 1 
where is Cialkyl. 

5 3. A process for the preparation of a A'^'^-ketal of formula (I-P) according to claim 1 
where R31 and R32 are cyclized to form a group selected from the group consisting of 
-CH2-C(CH3)2-CH2- known as 2,2-dimethylpropane-l,3-diyl, 
■^H2-C(CH3CH2)2-CH2- known as 2,2-diethylpropane-l,3-diyU 
-CH2-CH2- known as ethane-l,2-diyl, 

10 -CH2-CH2-CH2- known as propane- 1 ,3-diyl. 



4. A process for the preparation of a A^'^-ketal of fonnula (I-P) according to claim 3 
where R31 and R32 are cyclized to form -CH2-CH2- or -CH2-C(CH3)2-CH2-. 

15 5. A process for the preparation of a A^*^-ketal of formula (I-P) according to claim 1 
where the A^*^-ketal (I-P) is of the formula 




(I-P) 



O . 



where R9 is: 
(1)-H. 

20 (2) -OH. 

(3) -0.(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consisting of 

.Si(-CH3)3. 

.Si(-CH2-CH3)3, 
25 -CO-CH3, 

-CO-H and 
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-SiH(CH3)2. 

(4)-F; 
where Ri I is: 

(1) =o, 

5 (2)-H:-H, 

(3) a-Rii.i:P-Rii.2whereR||.| is: 

(a) -H. 

(b) -0-Rn,3 where R| 1.3 is: 

(i)-H, 

1 0 (ii) a HYDROXY PROTECTING GROUP wheie 

HYDROXY PROTECTING GROUP is as defined above, and where Ri 1.2 is: 

(a) -H, 

(b) -O-Ri M where Ri m is: 

(i) -H, 

15 (ii) a HYDROXY PROTECTING GROUP where 

HYDROXY PROTECTING GROUP is as defined above, with the proviso that one of 
Ri |.| and Ri 1.2 must be -H, 

(4) Ri i.5:Ri where one of R| 1.5 or R| 1^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of Rn.s or Rn^ is 

20 -H, (5) a-R| i-T^P-Ri 1-8 where Ri 1.7 and R9 are taken together 

with -O- to form an epoxide between C-9 and C-1 1 and R| m is -H, where R17 
is: 

.(i)=0; 

(2) a-Ri7-i:P-Ri7-2 where Rn-i is: 
25 (a)-H, 

(b) -CsC-H, 

(c) -CsN, 

(d) -CsC-CH2-0-Ri7-i-i where Rn-i-i is selected from the 

group consisting of 
30 (i)-H, 

(ii) -Si(Ri7.i.2)3 where R17.1.2 ^ the same or different 

andareCi-C4alkyl, 
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(iii) 1-ethoxyethyl. 

(iv) 2*tetrahydropyFanyl, 

(e) -C^-CHr CKHYDROXY PROTECTING GROUP), 
where HYDROXY PROTECTING GROUP is as defined above. 
5 (f)-CHrCH2-CH2-OH, 

(g) -CH2-CHrCH2O-(HYDR0XY PROTECTING GROUP), 
where HYDROXY PROTECTING GROUP is as defined above 

(h) -CH2-CHrCO-0 ' and where R17-2 is -OH; 

(3) a-R|7.3:P-Ri74 where R17.3 is -OH and where Rn^ is: 
10 (a)-C0-CH3. 

(b) -CO-CH2-OH, 

(c) "CO-CH2-0-CO-(CH2)a.3-CH3; 

(4) a-Ri7-5:P-Ri7^ where Rp^ and Rn^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 

1 s attachment of the -O is at Rn^ in the ^-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

(5) a-Ri7.7:p-Ri7-8 where Ri7.7and Rp^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

20 at Ri7^ in the P-orientation; 

(6) -0-CH(ORi7^)-CH2-CH2 where the bond fiom the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond fitim the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R|7^ is -H or Cr 

25 C3 alkyl; 

(7) a-Ri7.i i:P-Ri7.i2 where R17.10 is -{CH2)i.2-CH=CH2 and R17.12 is 

-OH. 

6. A process for the preparation of a A^*^-ketal of formula (I-P) according to claim 5 
30 where R9 and Ri 1 are: 

(a) R| I is R| i-5:R| 1^ where one of Ri 1.5 or R| 1-6 and R9 are taken together with 
R9 to form a second bond between C-9 and C- 11 and the other of Ri 1.5 or R| 1^ is -H; 
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(b) a-Ri].7:P-RiM where Rii.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and R| 1^ is -H, 

(c) R9 is -H and Rii is a-Rn.i:p-Rii.2 where Rii.| is -O-Ruo where Rim is 
-H, and where R| 1.2 is -H. 

5 

7. A process for the preparation of a A^*^-ketal of formula (I-P) according to claim 6 
where R9 and R| 1 are: 

(a) Ri 1 is Ri i.s:Ri 1^ where one of Ri 1.3 or R| 14 and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of R| i.s or R| is -H. 
10 8. A process for the preparation of a A^*^-ketal of formula (I-P) according to claim 5 
where Rn is selected finom the group consisting of: 

(a) a-Ri7.7:p-Ri7-8 where R]7.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachnient of the CH2- is at R17-7 in the a-orientation and the attachment of the -O is 

15 at R|7^ in the ^-orientation. 

(b) =0; 

(c) a-Ri7.i :p-Ri7-2 where Rn-i is -CsC-H and where R|7.2 is -OH; 

(d) -C^-CHrO-R|7.M. 

20 9. A process for the preparation of a A^'^-ketal of formula (l-?) according to claim 8 
where Rn is: 

(a) a-Ri7.7:P-Ri7^ where R17.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
25 at R|74 in the ^-orientation. 

10. A process for the preparation of a A^*^-ketal of formula (I-P) according to claim 1 
where the hydride abstractor is selected from the group consisting of 
DDQ, 

30 /M:hloranil, 
o-chloranil, 

Mn^\ Mn^^ Pb^ Pd*^ Ru*\ Cr^. 
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o-iodoxybenzoic acid, 

o-iodoxybenzoic acid complex with DMSO, 

o-iodoxybenzoic acid complex with 

4-methoxypyridine-N-oxide, 
5 N-methylmorpholine-N-oxide, 

trimethylamine-N-oxide, 
iodic acid (HIO3), 
iodine pentoxide (I2OS), • 
eerie ammonium nitrate, 
10 iodosobenzene, 

iodobenzenebistrifluoroacetate, 

iodobenzenediacetate, 

tritylfluoroborate, 

and by electrochemical oxidation with a catalytic amount of a hydride 
IS abstractor. 

1 1 . A process for the preparation of a A'^'^-ketal of formula (I-P) according to claim 
10 where the hydride abstractor is DPQ,/M:hloranil, manganese dioxide, manganic 
acetate, lead tetraacetate, chromium trioxide-dimethylpyrazole, chromiiun trioxide- 

20 pyridine, palladium acetate and ruthenium trichloride//-butylhydroperoxide. 

12. A process for the preparation of a A'^'^-ketal of formula (I-P) according to claim 
10 where the hydride abstractor.is DDQ. 

25 1 3. A process for the preparation of a A^'^-ketal of formula (I-P) according to claim 
10 where the process is performed under essentially anhydrous conditions. 

14. A process for the preparation of a A^*^-ketal of formula (I-P) according to claim 1 
where the alcohol is neopentylglycol . 

30 

15. A process for the preparation of a A'^'^-ketal of formula (I-P) according to claim 1 
where the steroid is selected from the group consisting of 
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17P-hydroxypiegna-4,6,9(l l)-trien-3-one-21-carboxylic acid, y-lactone, cyclic 
3K2\2'-dimethyl-r,3*-propane(liyi ketal), 

17P-hydroxypregna-4,6»9(l l)-trien-3-one-21-caitx>xylic acid, y-Iactone, cyclic 
3Hsthanediyl ketal. 

16. A 7a-substituted steroid of formula (II) 




(") 



(I) Rj is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
10 R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 

atoms to which they are attached; R^ is -H:-H; 

(II) R3 is R3.3:R3^ and R4 is R4.3:R4-4 where one of R3.3 and R3^ is -O-R3] 
where Rst is Ct-Cs alkyl, the other of R3.3 and Ky^ is taken together with one of R4.3 
and R44 to form a second bond between the carbon atoms to which they are attached, 

IS and the other of R4.3 and R44 is -H; R^ is R6^3:IU4 where one of R^3 and R64 is taken 
together with Rs to form a second bond between the carbon atoms to which they are 
attached and the other of R^-s and R^ is -H; 

(m) R3 is a-R3.5:P-R34 where R3.5 is -O-R31 and R^^ is -O-R32 where R3] and 
R32 are the same or different and are selected from the group consisting of 
20 C1-C3 alkyl and 

R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal 
of S or 6 atoms of the formula 

<CH2)-(CR33R34)nl-(CH2> 

where ni isOor 1; 

25 where R33 and R34 are the same or different and are -H and Ct-Cs alkyl; R4 is 

-H>H; R« is R^-s^Re^ where one of R6.5 and R^ is taken together with Rs to form a 
second bond between the carbon atoms to which they are attached and the other of 
R^s and R^^ is -H; 
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(IV) R3 is o-R3.7:p-R3^ where R3.7 is -O-R31 and R3^ is -O-R32 where R31 and 
R32 are as defined above; R4 is R4.7:R4^ where one of R4.7 and Ras is taken together 
with Rs to form a second bond between the caibon atoms to which they are attached 
and the oiher of R4.7 and R4-8 is -H; R^ is -H>H; 
3 where R7.1 is a molecular fragment of the formula (-A1) 




(-A1) 



or of the formula (-A2) 




(-A2) 



where Xi is: 
10 -S-, 

-O- or 

-NXi-i- and where Xm is: 
-H. 

C|-C4alkyl, 

15 -CO-OX1.2 where Xu2 is CrC4 aUcyl or 

-CO-X1.2 where X1.2 is as defined above, 
-CO-9 where -<p is substituted in the o-position with 

-CO-0-(C,-C4alkyl), 

-S02-(Ci-C3alkyl), 

20 -S02-q> where 9 is optionally substituted with 1 or 2 

C1-C4 alkyl, 
C1-C4 alkoxy; 
where Rb is selected from the group consisting of 
-H, 

25 C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 
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Ci-Q'alkoxy, 
where Rc is selected fix>in the group consisting of: 
-H. 

CrC4 allqi, 
5 CrC4 alkoxy, 

-0-Si(R)3 where the R*s are the same or different and are -H, 
C1-C4 alkyl, -<p, Ci'Ca alkoxy and -OH, 
-F, -CI, -Br. -I, 
^O-OCHj and 

10 -CO-Rc-i where Rc-i is C1-C4 alkyl or -9; 

where R<i is selected from the group consisting of 
-H, 

CrCio alkyl; 

15 CrC4 alkoxy; 

-CH2-OIU1 where is -H or C1-C4 alkyl, 

•CH2-N(Rd-6)2 where the two Rd^ are the same or different and 

are: 

C1-C4 alkyl, 
20 -9, 

. -CO-Rd^ where is C1-C4 alkyl or -9, 
-CH2-0-CO-R<n where R<j.i is as defined above, 
-CH(ORd.i)2 where R^-i is as defined above and where the two 
Rd-i taken together are: 
25 -CHrCH2-, 

-CH2-CH2-CH2-, 
-CH2-C(CH3-)2-CH2-, 
-CH(-0-CO-Rd.|)2 where R<n is as defined above, 
•Si(R)3 where R is as defined above, 
30 -0-Si(R)3 where R is as defined above, 

-Sq(Rb-i)3 where R^x is as defined above, 
•S-Rd.5 where Rd-5 is C1-C4 alkyl or -9, 
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-N(IU6)2 where Rd^ is as defined above, 
where Rc and R^i taken together with the atoms to which they are attached to form 

El 




*^ 
El 

where Ei are the same or difTerent and are: 
5 -H, 

CrC4alkyl, 
-F, -CI, -Br, -I, 
-OEi.t where E|.| is: 
-H, 

10 C1-C4 alkyl, 

-9 or 

-SiEi.2E|-3EM where E1.2, Ej.3 and Em are the same or 
different and are C1-C4 alkyl or C1-C4 alkoxy, 

-S-Eu5 where E1.5 is CrC4 alkyl or-<p, 
1 5 -S-(0)i.2-E|-5 where E 1.5 is as defined above, 

-N(Rd^)2 where the two are the same or different and are 

as defined above, 

^P(0)(0-E|.|)2 where Em is as defmed above, 

-Si(R)3 where R is as defined above; 
20 -CEfM (-B) 

where E] is as defined above and 
where M is: 

(1) =o, 

(2) =N-£2 where E2 is selected fiom the group consisting of 
25 -H 

CrC4 alkyl, 

C1-C4 alkenyl containing 1 or 2 double bonds, 
C1-C4 alkynyl containing 1 triple bond, 
-CO-OE2.1 where Em is -H or C1-C4 alkyl, 
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-C(E2.i)2-OE2.2 where E2.1 are the same or diffeient and are as 
defined above and where £2-2 is 

CrC4alkyl, 
-q) or 

S -Si(R)3 where the three R are the same or different and 

are defined above, 

-OE2.2 where E2-2 is as defined above, 
-S-E2.3 where E2.3 is C1-C4 alkyl or -9, 
-S-(0)|.2-E2.3 where E2.3 is as defined above, 
1 0 -N(Ra4)2 where the two R^s are the same or different and are as 

defined above; 

-Si(R)3 where the three R are as defined above; 
(3) =€(£2)2 where the E2 are the same or different and are as defined 

above, 

IS where £1 and E2 are taken together with the atoms to which they are attached 

to form a ring of S thru 7 members, optionally containing 3 thru 5 

-S-. 

-N= 

20 -NXj.i- where X|.i is as defined above, 

-CE2= where E2 is as defined above, 

-C(Rb)2- where Rb is as defined above, and optionally containing 1 or 2 
additional double bonds; 

•(>C-E2 (-C) 
25 where E2 is as defined above; 

-CH2-CH=CH2 (-D1) 
-CH=C=CH2 (-02) 
.CH2-CSC.H (.D3) 

where R9 is: 
30 (l)-«, 
(2) -OH, 
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(3) -O-(HYDR0XY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected fh>m the group consisting of 

.Si(^H3)3, 
.Si(-CH2-CH3)3, 

5 ^0-CH3, 

-CO-H and 
.SiH(CH3)2. 

(4) -F; 
where Rn is: 

10 (1)=0, 

(2) -H:-H, 

(3) a-Rii.i:p-Rii-2 where Rn-i is: 

(a) -H, 

(b) -0-R| 1-3 where R| 1.3 is: 
15 (i)-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, and where Rj 1.2 is: 

(a) -H, 

(b) -0-R| M where Ri m is: 
20 (i)-H, 

(ii) ) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, with the proviso that one of 
Ri i.| and R| 1.2 must be -H, 

(4) Rii.5:Rii^ where one of R11.5 or Rn^ and R9 are taken together 

25 with R9 to form a second bond between C-9 and C-1 1 and the other of R11.5 or Rn^ is 
"H, 

(5) a-Rn-7:p-Ri 1-8 where R| 1.7 and R9 are taken together with -O- to 
form an epoxide between C*9 and C-1 1 and Rn^ is -H; 

where Ri? is: 
30 (1)=0; 

(2) a-R|7-i:p-Ri7-2 where Rn-i is: 
(a)«H, 
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(b) -CaC-H. 

(c) -C5N, 

(d) -<M^-CH2-0-Ri7.i.i where R17.M is selected fix)m the 

group consisting of 
5 (i)-a 

(ii) -Si(Ri7.i^)3 where Rit-i-i are the same or difiTerent 

and are C1-C4 alkyU 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyTanyl, 

10 (e) -C^-CH2-(HHYDR0XY PROTECTING GROUP), 

where HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) ^H2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above. 

15 (h) -CH2-CH2-CO-O ■ and where R17.2 is -OH; 

(3) a-Ri7-3-P-Ri7^ where R17.3 is -OH and where Rn^ is: 

(a) -C0-CH3, 

(b) -C0-CH2-0H, 

(c) -CO-CH2-0-COKCH2)o.3-CH3; 

20 (4) oe-Ri7.5:p-Ri7-6 where R17.5 and Ri7^ are taken with the attached 

carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at R\^^ in the p-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

(5) a-Ri7.7:P-Ri7-8 where R17.7 and Rn^ are taken with the attached 
25 carbon atom to form a five member lactone containing '-O-CO-CH2-CH2- where the 

attachment of the CH2* is at Rt7.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the p-orientation; 

(6) -O-CH{0Ri7.9)-CH2-CH2 where die bond from the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond from the 

30 methylene group (CH2 ) is another of the four bonds at C-17 in the a^configuration 
to form a S member heterocycle containing one oxygen atom, where R|7^ is -H or C|- 
Csalkyl; 
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(7) o-R|7.ii:P-Ri7.i2 where R17.10 is -(CH2)i-2-CH=CH2 and R17.12 is 

-OH. 

17. A 7a-substituted steroid (11) according to claim 16 v/bm R3, R4, Rs and are 
5 selected from the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.] and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R^ is -H:-H; 

GH) R3 is a-R3-5:P-R3-6 where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 
10 R32 are taken with the attached ~O-C-0- to form a cyclic ketal of 5 atoms of the 
fonnula -(CH2HCR33R34)ni-(CH2)- where ni is 0; R4 is -H>H; Re is Re-s'R^ where 
one of R6.5 and R^ is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached and the other of R6.s and Re-e is -H; 

(in) R3 is a-R3.5:P-R3-6 where R3.5 is -O-R31 and R3-6 is -O-R32 where R31 and 
15 R32 are taken with the attached -O-C-0- to form a cyclic ketal of 6 atoms of the 
formula -(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Cj alkyl; 
R4 is -H:-H; R^ is R6.5:R^ where one of R^-s and R^ is taken together with R5 to 
form a second bond between the carbon atoms to which they are attached and the 
other of R6.5 and R^^ is -H. 

20 

18. A 7a-substituted steroid (U) according to claim 17 where R3, R4, R5 and R« are: 

G) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R6 is -H:-H. 

25 

19. A 7a-substituted steroid (II) according to claim 16 where R9 and R| 1 are selected 
from the group consisting of: 

(a) R| I is R| |.5:R| 1^ where one of R| 1.5 or Rm.6 and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of R| 1.5 or R\ is -H; 
30 (b) a-Ri i.7:P-Rn^ where R| 1.7 and R9 are taken together with -O- to form an 

epoxide between C-9 and C-1 1 and Ri 1^ is -H, 

(c) R9 is -H and Ri 1 is a-Ri m :P*Ri 1.2 where R| 1.1 is -O-Ri 1.3 where Ri 1.3 is 
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-H, and where R| 1.2 is -H. 

20. A 7a-5ubstituted steroid (II) according to claim 19 where R9 and Rn are: 

(a) R| I is Ri t.5:Ri 1^ where one of Ri 1.5 or Ri 1^ and R9 are taken together widi 
5 R9 to fonn a second bond between C-9 and C-1 1 and other of Rius or R| 1^ is -H. 

21. A 7a-substituted steroid (II) according to claim 16 where Rn is selected from the 
group consisting of: 

(a) a-R|7.7:P-Ri7^ where R|7.7and Rp^ are taken with the attached caibon 
10 atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation. 

(b) =0; 

(c) a-Ri7.i :P-Ri7.2 where R17.1 is -CsC-H and where R17.2 is -OH; 
1 5 (d) -CM:-Cai2-0-Ri7-i-i . 

22. A 7a-substituted steroid (II) according to claim 21 where Rp is: 

(a) a-R|7.7:P-Ri7^ where R]7.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2-' where the 
20 attachment of the CH2- is at R17.7 in the 0K)rientation and the attachment of the -O is 
at Ri7^ in the p-orientation. 



25 



23. A 7a-substituted steroid (II) according to claun 16 where R7.1 is (-A1) 

(-A1) 



XT' 
Ah. 



24. A 7a-sub5tituted steroid (D) according to claim 23 where Xi is -0-. 

25. A 7a-substituted steroid (S) according to claim 23 where Ri^ and Rc are *H. 
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10 



IS 



20 



26. A 7a-substituted steroid (II) according to claim 23 where R<i is C| alkyl. 

27. A Topsubstituted steroid (II) according to claim 23 where R7.1 is furan-2-yl and S- 
methylfuran-2-yl 

28. A 7a-substituted steroid (II) according to claim 27 where R7.1 is S-methylfiiran-2- 

29. A 7a-substituted steroid (II) according to claim 16 where R%\ is (-A2) 



(-A2) 



30. A 7a-substituted steroid (II) according to claim 29 where Xi is -0-. 

3 1 . A 7a-substituted steroid (Q) according to claim 29 where Rb and Rd are Ci alkyl. 

32. A 7a-substituted steroid (II) according to claim 29 where Rc is -H. 

33. A 7a-substituted steroid (D) according to claim 16 where R7.1 is 

-CE2=M (-B) 

34. A 7a-substituted steroid (II) according to claim 16 where R7.1 is 

.OC-E2 (-C) 



35. A 7a-substituted steroid (0) according to claim 16 where R7.1 

25 -CH2-CH=CH2 (-D1) 

36. A 7arsubstituted steroid (D) according to claim 16 where R7.1 

-CH=C=CH2 (-D2) 
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37. A 7a-substituted steroid (II) according to claim 16 where R7.1 is 

.CH2^C.H (-D3) 

38. A 7a-substituted steroid (U) according to claim 16 which is selected from the 
s group consisting of: 

17P-hydn>xy-7a-{5'-methyl-2'-fuiyl)-pregna-4,9-dien-3-one-21-carboxylic 
acid, Y-ldctone» 

1 1 ot, 1 7p-dihydioxy-7a-<5 '-methyl-2 •-fiiiyl)-pregn-4-en-3-one-2 1 -caitx)xylic 
acid» Y-lactone, 

10 9ot,l la-^poxy-17p-hydroxy-7aK5'-methyl-2'-fuiyl)-pregn-4-enOHme-21- 

caifooxylic acid, y-l^ctone, 

17p-hydroxy-7aK5'4-butyl-2'-fufyl)-piegna-4,9(ll)-dienO-one-21-^ 
acid, y>lactone, 

1 1 a, 1 7P-dihydroxy-7a-(5'-t-but^-2'-furyl)-pregn-4-en-3-one-2 1 -carboxylic 
IS acid, y-lactone, 

1 1 a, 1 7P-dihydroxy-7a-<4'-bromo-2*-furyl)-pregn-4-en-3-one-2 1 -carboxylic 
acid, Y-lactone, 

llot,17p-dihydroxy-7a-<4^methyl-2'-ftuyl)-pregn-4-enO«K)ne-21-caiboxyl^^ 
acid, y-lactone and 

20 7a-allyH7p-hydroxypregna-4,9(l l)-dien-3-one, 21-carboxylic acid, y-lactone. 

39. A cis enedione of the formula (JR-cis) 




(lll-cis) 



and a trans enedione of the formula QH-irarts) 
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(Ill-trans) 



where 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the 
other of R4.1 and R4.2 is taken together with R5 to form a second bond between the 
5 caibon atoms to which they are attached; is -H:-H; 

(ID) R3 is o-R3-5:p-R3^ where R3.5 is -O-R31 and is -O-R32 where 
R31 and R32 are the same or diCTerent and are selected from the group consisting of 
CrC3 alkyl and 

R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal of S or 
1 0 6 atoms of the formula 

-(CH2HCR33R34)nr(CH2)- 

whereni is 0 or 1; 

where R33 and R34 are the same or different and are ~H and C1-C3 alkyl; R4 is 
-H:-H; R6 is R^siR^ where one of R6.5 and Rs^ is taken together with R5 to form a 
1 s second bond between the carbon atoms to which they are attached and the other of 
R^5 and R« is -H; 

(IV) R3 is a-R3.7:P-R3^ where R3.7 is -O-R31 and R3^ is -O-R32 where 
R31 and R32 are as defmed above; R4 is R4.7:Rm where one of R4.7 and R4-S is taken 
together with R; to form a second bond between the carbon atoms to which they are 
20 attached and the other of R4.7 and R44 is -H; R« is -H:-H; 
where R9 is: 

(1) -H, 

(2) -OH, 

(3) -0-(HYDROXY PROTECTING GROUP) where HYDROXY 
25 PROTECTING GROUP is selected from the group consisting of 
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.SiKH3)3. 

-Si(-CH2-CH3)3. 
-CO-CH3, 
-CO-H and 

5 .SiH{CH3)2. 
(4)-F; 
where Rn is: 

(1) =0, 

(2) -H:-H, 

10 (3) a-RiM:p-RiK2 where Rim is: 

(a) -H, 

(b) -O-Ri 1.3 where Ri 1.3 is: 

(i) -H, 

(ii) ) a HYDROXY PROTECTING GROUP where 
15 HYDROXY PROTECTING GROUP is as defined above, 

and where Rn.iis: 

(a) -H, 

(b) -0*Ri M where Ri m is: 

(i)-H, 

20 (ii) ) a HYDROXY PROTECTING GROUP where 

HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of R| m and Rn.2 must be -H, 

(4) Ri i-5-Ri 1^ where one of Ri 1.5 or Ri 1^ and R9 are taken together 
with R9 to fonn a second bond between C-9 and C-1 1 and other of Rn.5 or K\ \^ is -H, 
25 (S) a-R| i.7:P-R] i-s where Ri 1.7 and R9 are taken together with -O- to 

form an epoxide between C-9 and C- II and R] m is -H; 
where Rn is: 

(1) =0; 

(2) a-Ri7-i:p-Ri7-2 where Rn-i is: 
30 (a)-H, 

(b) -C^-H, 

(c) -<:hN, 
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(d) -CsC-CHrO-Rn-M where R17-1-1 is selected from the 

group consisting of 

(i) -H. 

(ii) -Si(Ri7.t.2)3 where Rn-i^ are the same or different 

5 andareC|-C4alkyl» 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyl, 

(e) -CsC-CH2-0-(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

10 (O-CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-{HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ■ and where R17.2 is -OH; 

(3) a-Ri7.3:P-Ri7-4 where R17.3 is -OH and where R17-4 is: 
15 (a)-C0-CH3, 

(b) -<:0-CH2-0H, 

(c) -CO-CH2-0-CO-(CH2)a.3-CH3; 

(4) a-Ri7.s:P-Rt7^ where R17.5 and Rn^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- v^ere the 

20 attachment of the -O is at R|7^ in the P-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

(5) a-Ri7.7:p-Ri7^ where R17-7 and Ri7-« are taken with the attached 
caibon atom to fomi a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

25 at Ri74 in the p-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond fiom the oxygen (-0) 
is one of the four bonds at C-17 in the P-configuration and the bond fiom the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a 5 member heterocycle containing one oxygen atom, where R17-9 is -H or Ci- 

30 C3 alkyl; 

(7) a.R,7.i I :P-Ri7.i2; Rimo is -(CH2)i,2-CH=CH2 and R17.12 is -OH; 
where Rb is selected from the group consisting of 
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-H, 

C1-C4 alkyi or 

phenyl optionally substituted with 1 or 2 
CrC4 alkyl, 
5 C1-C4 alkoxy, 

where Rc is selected from the group consisting of: 
-H, 

C\-C4 alkyl, 
C1-C4 alkoxy, 

10 * -0-SiGl)3 where the R*s are the same or different and are -H, CrC4 

alkyl, -9, C1-C4 alkoxy and -OH, 
-F. -CI, -Br, -I, 
-CO-OCH3 and 

-CO-Rc-i where Rc.i is CrC4 alkyl or -9; 
1 S where Rd is selected from the group consisting of 

-H, 

CrCio alkyl; 
CrC4 alkoxy; 

20 -CH2-0Rd-i where R<j.i is ~H or C1-C4 alkyl, 

-CH2-N(R<s^)2 where the two R<w are the same or different and are: 
C|-C4 alkyl, 

-CO-Ra^ where Rd^ is C1-C4 alkyl or -<p, 
25 -CH2-0-C0-Rd.i where R<n is as defmed above, 

-CH(0Rd.i)2 where is as defined above and where the two Rd^i 
taken together are: 

-CH2-CH2-, 

-CH2-CH2-CH2-, 
30 -CH2-C(CH3-)2-CH2-, 

-CH(-0-CO-R<|.i)2 where Rd.i is as defined above, 
-Si(R)3 where R is as defined above, 
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-0-Si(R)3 where R is as defined above, 
-Sii(Rb.i)3 where Rb.i is as defined above, 
-S-R<i.5 where R<|.5 is CrC4 alkyl or -9, 
-N(R<m)2 where is as defined above» 
S where Rc and Rd taken together with the atoms to which they are attached to form 




El 

where El are the same or different and are: 
-H, 

C1-C4 alkyl, 
10 -F, -CI, -Br, -I, 

-OEm where E|.i is: 
-H, 

CrC4 alkyl, 
-9 or 

IS -Si£i.2Ei.3Et^ where E1.2, E1.3 and Em the same or dififerent 

and are C1-C4 alkyl or C1-C4 alkoxy, 

-S-E1.5 where E|-5 is Ci-Ca alkyl or-cp, 

-S-(0)|.2-E].5 where E1.5 is as defined above, 

-N(Rd4)2 where the two R^^ are the same or different and are as 

20 defined above, 

-P(0KC)-E].|)2 where Em is as defined above, 
•Si(R)3 where R is as defined above. 

40. An enedione (m) according to claim 39 which is the cis isomer (m-cis). 

25 

41. Aa enedione (m) according to claim 39 which is the trans isomer (ID-trans). 
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42. An dieneone (ID) according to claim 28 where Ra, R4, R5 and R« are selected finom 
the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
5 atoms to which they are attached; R« is -H>H; 

(HI) R3 is a-R3.5:P-R3-6 where R>5 is -OR31 and Rj^ is -O-R32 where R31 and 
R32 are taken with the attached -O-C-0- to form a cyclic kctal of 5 atoms of the 
fomula -(CH2HCR33R34)ni-(CH2)- where m is 0; R4 is -H:-H; R^ is B^s'^ where 
one of R«.s and R^^ is taken together with R5 to form a second bond between the 
10 carbon atoms to which they are attached and the other of R6.5 and R6^ is -H; 

(in) R3 is a-R3.5:P-R3-6 where R3.5 is -O-R31 and R3-6 is -OR32 where R31 and 
R32 are taken with the attached -O-C-0- to form a cyclic ketal of 6 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both C| alkyl; 
R4 is -H:-H; R^ is R^5:R^ where one of R^5 and R^^ is taken together with R5 to 
15 form a second bond between the carbon atoms to which they are attached and the 
other of R6.5 and is -H. 



43. An dieneone (ID) according to claim 42 where R3, R4, R5 and R« are: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4-1 and R4-2 is ~H and the other of 
20 R4.1 and R4.2 is taken together with R3 to form a second bond between the carbon 
atoms to which they are attached; R^ is -H>H. 



44. An dieneone (ID) according to claim 28 where R9 and Ri 1 are selected fix>m the 
group consisting of: 

25 (a) R| 1 is R| i.5:Ri 1^ where one of R| 1.5 or R] 1^ and R9 are taken together with 

R9 to form a second bond between C-9 and C-1 1 and the other of R| 1-5 or Ri 1^ is -H; 

(b) a-Ri i.7:P-Rt m where R| 1.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and Rn^ is -H, 

(c) R9 is -H and R| 1 is a-Ri m :P-R| 1.2 where Ri m is -0-Ri 1.3 where R| 1.3 is 
30 -H, and where R| 1.2 is -H, 



45. An enedione (m) according to claim 44 where R9 and R| 1 are: 



• 184. 



wo 03/082895 



PCTAJS03/07793 



(a) R| 1 is Ri i.5:Ri 1-6 ^eie one of R| m or Ri 1^ and R9 are taken together with . 
R9 to fonn a second bond between C-9 and C-1 1 and other of Ri i.s or R| is -H. 

46. An enedione (HI) according to claim 39 where Rn is selected fiom the group 
5 consisting of: 

(a) a-Ri7.7:P-Ri7^ where R17.7 and R174 are taken with the attached caibon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the is 
at R|74 in the ^-orientation. 
10 (b)=0; 

(c) a-Ri7-i:P-Ri7-2 where Rn-i is -CsC-H and where R17.2 is -OH; 

(d) -teC-CH2-0-Ri7-M. 

47. An enedione (SI) according to claim 46 v/hece R17 is: 

IS (a) a-Ri7.7:p-Ri74 where R17.7 and Rn^ are taken with the attached caibon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R]74 in the p-orientation. 

20 48. An enedione (HI) according to claim 39 where R^ and Rc are -H. 

49. An enedione (m) according to claim 39 where R^ is Ci alkyl. 

50. An enedione (HI) according to claim 39 which is: 

25 ITp-hydroxy-Ta-Ccw-l \4'-dioxopent-2'-en-ryl)pregna-4,9(l l)-dien-3-one- 

21-carboxylic acid, y-lactone, 

17p-hydroxy-7a-(/^a/tf-r,4'-dioxopait-2'-en-l *yl)pregna-4,9-dien-3-one-21- " 
carboxylic acid, "f-lactone. 

30 S 1 . A hydroxy compound of formula (IV-OH) 
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(IVOH) 



where 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the 
other of R4.1 and R4.2 is taken together with R5 to fonn a second bond between the 
5 carbon atoms to which they are attached; R6 is -H:-H; 

(in) R3 is a-R3.3:P-R3^ where R3.5 is -O-R31 and R3^ is -O-R32 where 
R31 and R32 are the same or different and are selected firom the group consisting of 
CrCs allqrl and 

R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal of S or 
1 0 6 atoms of the formula 

KCH2HCR33R34)oI-(CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are and Ci-C^ aUcyl; R4 is 
-H:-H; R^ is R6.s:R6-6 where one of R6.s and R^ is taken together with Rs to form a 
] 5 second bond between the carbon atoms to which they are attached and the other of R^. 
5 and Rm is -H; 

(IV) R3 is a-R3.7:P-R3^ where R3.7 is -O-R31 and R3-8 is -O-R32 where 
R31 and R32 are as defined above; R4 is R4.7:R44 where one of R4.7 and R4-8 is taken 
together with Rs to form a second bond between the carbon atoms to which they are 
20 attached and the other of R4.7 and lU^ is -H; R6 is -H>H; 
where R9 is: 

(1) -H, 

(2) -OH. 

(3) -0-(HYDROXY PROTECTING GROUP) where HYDROXY 
2S PROTECTING GROUP is selected from the group consisting of 

-Si(-CH3)3, 
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-Si(-CH2-CH3)3, 

-CO-CH3, 

-co-Hand 

-SiH(CH3)2. 

5 (4)-F; 

where Rii is: 

(1) =o. 

(2) -H>H, 

(3) a-RiM:P-R|i.2 where Rim is: 
iO {a)-H, 

(b) -O-Ri 1.3 where Ri 1.3 is: 

(i) -H, 

(ii) ) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

15 and where Rn.2 is: 

(a) -H, 

(b) -0-R| M where R| m is: 

(i) -H, 

(ii) ) a HYDROXY PROTECTING GROUP where 
20 HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of R| m and Rn.2 must be -H, 

(4) R| |.5:Ri 1-6 where one of R\ us or Rn^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or Ri 1^ is 
-H. 

25 (5) a-Rn.7:p-R| 1^ where Ri 1.7 and R9 are taken together with -O- to 

form an epoxide between C-9 and C-11 and Ri i-g is -H; 
where Ri7 is: 

(1) =0; 

(2) a-Ri7.i:p-Ri7-2 where R17.1 is: 
30 (a)-H, 

(b) -feC-H, 

(c) -CsN, 
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(d) -C^-CH2-0-Ri7.i.i where Rn.i-i is selected fiom the 

group consisting of 

(i) -H, 

(ii) -Si(Ri7-N2)3 where R17-U2 are the same or different 

5 and are C1-C4 alkyl, 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydn>pyranyl, 

(e) -C=C-CHr(MHYDROXY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

10 (O-CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-OKHYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O * and where R17.2 is ~OH; 

(3) a-Ri7.3:P-Ri7^ where R17.3 is -OH and where Rn^ is: 
15 (a)-CO-CH3, 

(b) -CO-CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7.5:P-Ri7-6 where R^.sand Rn^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 

20 attachment of the -O is at Rn^ in die p-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

(5) a-Ri7-7:P-Ri7-8 where Ri7.7and R17-8 are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at Rt7.7 in the o-orientation and the attachment of the -O is 

25 at Ri74 in the ^-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond fix)m the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond fix)m the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R17.9 is -H or Ci- 

30 C3 alkyl; 

(7) a-Ri7.ii:P-Ri7-i2 where R17.10 is -{CH2)i-2-CH=CH2 and R17.12 is 

-OH; 
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where Rb is selected from the group consisting of 
-H, 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
5 CrC4 alkyl, 

C1-C4 alkoxy; 

where R7.2 is -H and C1-C4 alkyl optionally substituted with one or two 
-OH, and a hydroperoxy compound (IV-O-OH) 




(IV-OOH) 



10 where R3, R4, R$, R7.29 R9» Riii Rt? and Rb are as defined above. 

52. A hydroxy compound (IV-OH) or hydroperoxy compound (TV-OOH) according 
to claim S 1 which is the hydroxy compound (IV-OH). 

15 53. A hydroxy compound (IV-OH) or hydroperoxy compound (TV-OOH) according 
to claim 5 1 which is the hydroperoxy compound (IV-OOH). 

54. A hydroxy compound (IV-OH) or hydroperoxy compound (TV-OOH) according 

to claim 5 1 where R3, R4, Rs and R« are selected from the group consisting of: 
20 (I) Ra is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with R3 to form a second bond between the caxbon 

atoms to which they are attached; R6 is -H:-H; 

(m) R3 is a-R3.s:P-Rv6 where R3.5 is -O-R31 and Rs^ is -O-R32 where R31 and 

R32 are taken with the attached -O-C-O- to form a cyclic ketai of 5 atoms of the 
25 formula *(CH2)-(CR33R34)ni-(CH2)- where ni is 0; R4 is -H:-H; R^ is R«.5:IU6 where 
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one of and is taken together with Rs to form a second bond between the 
caibon atoms to which they are attached and the other of and R^^ is ~H; 

(HI) R3 is a-R3-5:P-I^3-6 where R3.5 is -O-R31 and R3-6 is -O-R32 where R31 and 
R32 are taken with the attached -OC-O- to form a cyclic ketal of 6 atoms of the 
5 formula -(CH2HCR33R34)nr(CH2)- where ni is 1 and R33 and R34 are both C| alkyl; 
R4 is -H:-H; is R6.5^R<h6 where one of R^5 and R^^ is taken together with R5 to 
form a second bond between the caifoon atoms to which they are attached and the 
other of R6.5 and is -H. 



10 55 . A hydroxy compound (IV-OH) or hydroperoxy compound (IV-OOH) according 
to claim 54 where R3, R4, Rs and R^ are: 

(I) R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4-1 and R4.2 is taken together with R5 to form a second bond between the caibon 
atoms to which they are attached; R6 is -H:-H. 

IS 

56. A hydroxy compound (TV-OH) or hydroperoxy compound (IV-OOH) according 
to claim 5 1 where R9 and R| 1 are selected from the group consisting of: 

(a) Ri 1 is Rt i.5:Ri 1^ where one of Ri 1.5 or Ri 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C- 1 1 and the other of K\ 1.5 or Ri 1-6 is -H; 
20 (b) a-Ri i.7:P-Ri \s where Rn.7 and R9 are taken together with -O- to form an 

epoxide between C-9 and C-1 1 and Ri m is -H, 

(c) R9 is -H and Ri 1 is a-Ri 1-1 :P-R| 1-2 where Ri m is -0-R| 1.3 where R| j.3 is 
-H, and where Ri 1.2 is -H. 



25 57. A hydroxy compound (IV-OH) or hydroperoxy compound (TV-OOH) according 
to claim 56 where R9 and Ri 1 are: 

(a) Ri I is Ri i.5:Ri 1^ where one of Ri us or Rn^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of Ri i.s or R| is -H. 



30 58. A hydroxy compound (IV-OH) or hydroperoxy compound (TV-OOH) according 
to claim 51 where Rjy is selected from the group consisting of: 
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(a) a-Ri7.7:P-R]7^ where R17.7 and Rp^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri74 in the Orientation. 
5 (b)=0; 

(c) a-Ri7.i:P'-Ri7-2 where Rp.i is -C^-H and where Rn-a is -OH; 

(d) -<:^-CH2-0-Ri7.M. 

59. A hydroxy compoimd(IV-OH) or hydn>peroxycompoimd(IV-OOH) according 
10 to claim 58 where Rn is: 

(a) a-Ri7.7:P-Ri7-8 where R17.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation. 

IS 

60. A hydroxy compound (IV-OH) or hydioperoxy compound (IV-OOH) according 
to claim 51 where Rb is -H. 

61 . A hydroxy compound (IV-OH) or hydroperoxy compound (IV-OOH) according 
20 to claim 51 where R7.2 is -H» Ci and iso-Ca. 

62. A hydroxy compound (TV-OH) or hydroperoxy compound (IV-OOH) according 
to claim 61 where R7.2 is -H. 

25 63. A hydroxy compound (IV-OH) or hydroperoxy compound (IV-OOH) according 
to claim 61 where R7.2 is a mixture of -H, Ci and iso-Cj. 

64. A hydroxy compound (IV-OH) or hydroperoxy con^und (IV-OOH) according 
to claim 51 which is: 

30 17P-hydn)xy-7a-(r-oxo-2'-isopropoxy-2*-hydroxyethyl)pregna-4»9-dien-3- 
on6-21-carboxylic acid, jABCtone^ 
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1 7p-hydroxy-7a-(l *-oxo-2*-isopropoxy-2'-hydrohydioperoxy-ethyl)pregna- 
4,9-dien-3-one-21-caiboxylic acid, Y^lactone, 

17P-hydroxy-7a-(2'-hydn}peroxy-2^methoxyacetyl)pregna-4,9(ll)-dien^ 
one-21carfooxylic acid» y-lactone. 

5 

6S. A biscarbonyl compound of the foimula (V) 




where: 

(I) Ra is = O; R4 is R4-i:R4-2 where one of R4.1 and R4.2 is -H and the 
10 other of R4.1 and R4.2 is taken together with Rs to form a second bond between the 
carbon atoms to which they are attached; R6 is -H>H; 

(in) R3 is a-R3.5:P*R3^ where R3.5 is -O-R31 and R3-6 is -O-R32 where 
R31 and R32 are the same or different and are selected fitom the group consisting of 
CrC3 alkyl and 

IS R31 and R32 are taken with the attached -O-C-0- to form a cyclic ketal of 5 or 

6 atoms of the formula 

-(CH2HCR33R34)nI-(CH2)- 

where ni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 all^l; R4 is 
20 -H>H; R« is R6.5:R64 where one of R^-s and is taken together with Rs to form a 
second bond between the carbon atoms to which they are attached and the other of R^ 
s and R6^ is -H; 

(IV) R3 is a-R3.7:P-R3^ where R3.7 is -O-R31 and Ry^ is -O-R32 where 
R31 and R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R4-8 is taken 
25 together with R5 to form a second bond between the carbon atoms to which they are 
attached and the other of R4.7 and R4^ is -H; R^ is -H:-H; 
where R9 is: 
(1)-H, 
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(2) -OH, 

(3) -CKHYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group c(»isisting of: 

-Si(-CH3)3, 

5 -Si(-CH2-CH3)3, 

-CO-CH3, 
-co-Hand 
-SiH(CH3)2, 

(4) -F; 
10 where Ri 1 is: 

(1) =o. 

(2) -H:-H. 

(3) a-R||.i:P-Rii.2 where R||.| is: 

(a) -H, 

15 (b) -0-Ri 1.3 where R| 1.3 is: 

(O-H. 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where R| 1.2 is: 
20 (a)-H, 

(b) -O-Ri I ^ where R| m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

25 with the proviso that one of R| m and R| 1.2 must be -H, 

(4) Rii.5:R|i4 where one of R||.$ or Rn^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of R||.s or Rn^ is 
-H. 

(5) a-Ri i.7:p-Ri 1^ where R| 1.7 and R9 are taken together with -O- to 
30 form an epoxide between C-9 and C-1 1 and R| 14 is -H; 

where R|7 is: 
0)=O; 
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(2) a'R|7.i:P-Ri7.2 ^ere Rn-i is: 

(a) -H. 

(b) -CsC.H, 

(c) -C^, 

5 (d) -CsC-CHrO-Rn-i-i where Rn-i.i is selected from the 

group consisting of 

(i) -H. 

(ii) -Si(Ri7.i.2)3 where R17.1-2 are the same or different 

andareCi-C4aIkyl, 
10 (iii) 1-ethoxyethyl, 

(iv) 2-tetiahydn)pyranyl» 

(e) -CsC-CH2-0-(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

15 (g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 

where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ' and where R17.2 is -OH; 

(3) a-Ri7,3:P-Rn-4 where R17.3 is -OH and where Ri7^ is: 

(a)-CO<:H3, 
20 (b)-CO-CH2-OH, 

(c) -CO'CH2-0-CO-(CH2)(^3-CH3; 

(4) a-Ri7.5:P-Ri7-6 where R17-5 and R17-6 are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at R174 in the ^-orientation and the attachment of the CH2- is 

25 at R17.S in the a-orientation; 

(5) a-Ri7.7:P-Ri7^ where R17.7 and Rt7^ are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri74 in the ^orientation; 

30 (6) -0-CH(ORi7.9)-CH2-CH2 where the bond fix)m the oxygen (-0) 

is one of the four bonds at C*i7 in the P^nfiguration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C- 17 in the a-configuration 
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to fonn a 5 member heterocycle containing one oxygen atom, where Rn^ is -H or Ci 
Csalkyl; 

(7) a-R|7-i i:P-Ri7-i2 where Rn-io is:-(CH2)i.2-CH=CH2 and R17.12 is 

-OH; 

5 where Rb is selected from the group consisting of 

-H, 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
CrCA alkyl, 
10 C|-C4alkoxy. 



66. A biscarbonyl compoimd (V) according to claim 65 where R3> Ri. Rs and R^ are 

selected from the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
IS R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 

atoms to which they are attached; R^ is -H:-H; 

(in) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 

R32 are taken with the attached -0-C-O- to form a cyclic ketal of 5 atoms of the 

foimula -(CH2)-(CR33R34)ni-(CH2)- where ni is 0; R4 is -H:-H; R^ is R6.5:R6^ where 
20 one of R6.5 and R^^ is taken together with R5 to form a second bond between the 

carbon atoms to which they are attached and the other of R6.5 and R^^ is -H; 

(in) R3 is a-R3.5:P-R3^ where R3,5 is -O-R31 and R3-6 is -O-R32 where R31 and 

R32 are taken with the attached -OC-O- to form a cyclic ketal of 6 atoms of the 

formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Cj alkyl; 
25 R4 is -H:-H; R6 is R6.5:R6^ where one of R^5 and R6^ is taken together with R5 to 

form a second bond between the carbon atoms to which they are attached and the 

other of R^s and R^^ is -H. 



67. A biscarbonyl compound (V) according to claim 66 where R3, R4, R5 and R6 are: 
30 (I) R3 is = O; R4 is R4.1 :R4.2 where one of R4,i and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 
atoms to which they are attached; R« is -H:-H. 
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68. A biscaibonyl compound (V) according to claim 65 where R9 and R| 1 are selected 
from the group consisting of: 

(a) R|i is Ri i.5:Rt 1^ where one of R| 1.5 or Ri 1^ and R9 are taken together with 
5 R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or R] 1^ is -H; 

(b) a-Rn.7:P*Ri 1^ where Rtt.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and R\ 1^ is -H, 

(c) R9 is -H and Rn is a-Rii.i:P-Rii.2 where Rim is -O-Rti.3 where R11.3 is 
-H, and where R| 1.2 is -H. 

10 

69. A biscarbonyl compound (V) according to claim 68 where R9 and Rn are: 

(a) R\ 1 is R} i.5:Ri 1^ where one of R| 1.5 or Rn^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of R| 1-5 or R\ 1-6 is -H. 

70. A biscarbonyl compound (V) according to claim 65 where Rn is selected from 
1 5 the group consisting of: 

(a) a-Ri7-7:p-Ri7-8 where Ri7.7and R17-8 are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation. 
20 (b) =0; 

(c) a-Ri7.i :P-Ri7.2 where R17.1 is -CsC-H and where R17-2 is -OH; 

(d) -CsC-CH2-0-Ri7.i.i. 

7 1. A biscarbonyl compound (V) according to claim 70 where Rn is: 

25 (a) a-Rn.7:P-Rn-8 where R17.7 and Rn^ are taken with the attached carbon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at Rn-? in the Ororientation and the attachment of the -O is 
at Rn^ in the ^-orientation. 

30 72. A biscarbonyl compound (V) according to claim 65 where R|» is -H. 

73. A biscarbonyl compound (V) according to claim 65 which is: 
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1 7p-hydn>xy-7a-(2'-oxo-acetyl>pregna-4,9( 1 1 )-dien-3-oiie-2 1 -caxboxylic 
acid, y-laciom. 



74. AcisoxyenedioneofthefonnulaQC-cis) 

l?17 




(X-cis) 



and a trans enedione of the formula (X-irans) 

Ri7 




(X-trans) 



where 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the 
10 other of R4.1 and R4.2 is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached; is -H:-H; 

(ni) R3 is a-R3-5:P-R3^ where R3.5 is -O-Rsi and R3^ is -O-R32 where 
R31 and R32 are the same or different and are selected fix>m the group consisting of 
C1-C3 alkyl and ^ 

IS R3 1 and R32 are taken with the attached -O-C-O to form a cyclic ketal of S or 

6 atoms of the formula 

-(CH2HCR33R34)n|-(CH2)- 

wherem is 0 or 1; 

where R33 and R34 are the same or different and are -H and CrC3 alkyl; R4 is 
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-H:-H; R« is R«^:R«4 where one of R«.s and R« is taken together with Rj to fonn a 
second bond between the caibon atoms to which they are attached and the other of 
R«.s and R«4 is -H; 

(IV) R3 is a-Rj.7:P-RM where R3.7 is -O-R31 and Rj^ is -O-Raz where Rji and 
S R32 are as defined above; R* is R4.7:R44 where one of R4.7 and R4-« is taken together 
with R5 to form a second bond between the caifoon atoms to which Aey are attached 
and the other of R4.7 and R44 is -H; R« is -H>H; 

where R9 is: 

(1) -H. 

10 (2) -OH, 

(3) -0.(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consisting of: 

-Si(-CH2-CH3)3. 

15 -CO-CH3. 

-CO-H and 
-SiH(CH3)2. 

(4) -F; 
where R| I is: 

20 (1)=0, 

(2) -H:-H, 

(3) a-Ri i.i :P-R| 1.2 where R| i.i is: 

(a) -H. 

(b) -0-R| 1.3 where R11.3 is: 
25 . (i)-H. 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where R| 1.2 is: 

(a)-H. 

30 (b) -0-Ri M where R| m is: 

(i)-H. 
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(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, with the proviso that one of 
Rii.i and Rn-2 must be -H, 

(4) Ri i.s:Ri 1^ where one of Ri 1.5 or R\ 1^ and R9 are taken together 

S with R9 to form a second bond between C-9 and C-1 1 and the other of R] us or R\ \^ is 
-H. 

(5) a-Ri i.7:P-Ri ^^ere Ri 1.7 and R9 are taken together with -O- to 
fonn an epoxide between C*9 and C-1 1 and Ri 1^ is -H; 

where R|7 is: 
10 (1)=0; 

(2) a-Ri7-i:p-Ri7-2 where Rn-i is; 

(a) -H, 

(b) -C^-H, 

(c) -C^N, 

15 (d) -<>C-CH2-0-Ri7.i.i where Rn.M is selected from the 

group consisting of 

(i) -H. 

(ii) -Si(Ri7.).2)3 where R17.1.2 are the same or different 

and are C1-C4 alkyl» 
20 (iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyTanyl, 

(e) -CsC-CH2-a(HYDROXYPROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

25 (g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 

where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CaO ' and where R17.2 is -OH; 

(3) a-Ri7.3*P-Ri7-4 where R17-3 is -OH and where R17-4 is: 

(a)-C0-CH3, 
30 (b)-C0-CH2-0H, 

(C) -CO-CH2-O-CO-(CH2)0.3-CH3; 
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(4) a-Ri7.s:^Ri7^ where Rt7.s and Ri?^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the is at Rn^ in the ^-orientation and the attachment of the CH2- is 
at R17.S in the a-orientation; 
5 (S) a-Ri7.7:P-Ri7^ where R17.7 and Rn^ are taken with the attached 

carbon atom to form a five member lactone containing -0-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-K>rientation and the attachment of the -O is 
at R174 in the ^-orientation; 

(6) -0-CH(ORi7.9KH2-CH2 where the bond fiom the oxygen (-0) 
10 is one of the four bonds at C-17 in the ^-configuration and the bond fix>m the 

methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R|7^ is -H or C|- 
C3 alkyl; 

(7) a-Ri7.n:P-Ri7.i2 where R17.10 is -(CH2)i-2-CH=CH2 and R17-12 is 

15 ^H; 

where Rb is selected fix>m the group consisting of 
-H, 

Cx-Ca alkyl or 

phenyl optionally substituted with 1 or 2 
20 CrC4 alkyl, 

Ci'Ca alkoxy, 
where Rc is selected from the group consisting of: 
-H, 

C1-C4 alkyl, 
25 C|-C4alkoxy, 

-0-Si(R)3 where the R*s are the same or different and are -H, C1-C4 
aUgfl, -9, C1-C4 alkoxy and -OH, 
-F, -CI. -Br, -I, 
-CO-OCH3 and 
30 -CO-Rc-i where Rc-i is C1-C4 alkyl or -9; 

where Rd is selected from the group consisting of 
-H, 
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-ON, 

Ci-Cio allcyl, 
C1-C4 aUcoxy, 

-CH2-OR<|.i where Rd-i is -H or Ct-C4 all^l, 
5 -CH2-N(Rd^)2 where the two R<m are the same or different and are: 

CrC4alkyl, 
-<P. 

-CO-Rd^ where IU«a is C1-C4 alkyl or-<p, 
-CH2-O-C0-Rd-i where Ra-i is as defined above, 
10 -CH(0R^i)2 where Rd.i is as defined above and where the two Rd-i 

taken together are: 

.CH2-CH2-, 
.CH2-CH2-CH2-, 
-CH2-C(CH3-)2-CH2-, 
15 -CH(-0-C0-Rd.i)2 where Rd-i is as defined above, 

-Si(R)3 where R is as defined above, 
-0-Si(R)3 where R is as defined above, 
-Sn(Ri>.i)3 where Rb-i is as defined above, 
where Rd.5 is C1-C4 alkyl or -9, 
20 -N(Rd^)2 where Rd-6 is as defined above, 

where Rc and Rd taken together with the atoms to which they are attached to form 




El 

where Ei are the same or different and are: 
-H, 

25 C1-C4 alkyl, 

-F.-a-Br.-I. 
-OE|.t where Em is: 
-H. 

C1-C4 alkjd, 
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-9 or 

-SiE1.2E1.3EM where E1.2, E1.3 and Em are the same or different 
and are C1-C4 alkyl or C1-C4 alkoxy, 

-S-Ei-5 where E1-5 is C1-C4 alkyl or-<p, 
S -S-(0)i.2-E|.5 where E1.5 is as defined above, 

-N(Rd.6)2 where the two are the same or different and are as 

defined above, 

-P(0)(0-E|-i)2 where Em is as defined above, 
-Si(R)3 where R is as defined above. 

10 

75. An oxyenedione (X) according to claim 74 which is the cis isomer (X-cis). 

76. An oxyenedione (X) according to claim 74 which is the trans isomer pC-trans). 

iS 77. An oxyenedione (X) according to claim 74 where R3, R4, R5 and R« are selected 
fi-om the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4-2 is taken together with Rs to form a second bond between the carbon 
atoms to which they are attached; R^ is -H:-H; 

20 (in) R3 is a-R3-5:P-R3-6 where R3.5 is -O-R31 and R3-^ is -O-R32 where R31 and 

R32 are taken with the attached -O-C-0- to form a cyclic ketal of 5 atoms of the 
formula -(CH2HCR33R34)ni-(CH2)- where ni is 0; R4 is -H>H; R* is R«.5:R6-6 where 
one of R6-5 and R^ is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached and the other of R^^s and is -H; 

25 (HI) R3 is a-R3.5:p-R3^ where R3.5 is -O-R31 and R3-6 is -O-R32 where R31 and 

R32 are taken with the attached -O-C-0- to form a cyclic ketal of 6 atoms of the 
formula -(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both C\ alkyl; 
R4 is -H:-H; is R6.5:R6^ where one of R6.5 and R64 is taken together with R5 to 
form a second bond between the caibon atoms to which they are attached and the 

30 other of R^-s and is *H. 

78. An oxyenedione (X) according to claim 65 where R3, R4, R5 and R^ are: 
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(I) R} is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R« is -H:-H. 

5 79. An oxyenedione (X) according to claim 74 where R9 and R| 1 are selected from 
the group consisting of: 

(a) R| 1 is Ri i.s^Ri I -6 where one of R| 1 .5 or Rn ^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of Rn.5 or R] 1^ is -H, 

(b) a-Ri i-7:p-Ri 1^ where Ri 1.7 and R9 are taken together with -O- to form an 
10 epoxide between C-9 and C-1 1 and Ri 1^ is -H, 

(c) R9 is and Rn is a-Rii.i:P-Rii.2 where Rim is -O-Rno where R11.3 is 
-H, and where R| 1.2 is -H. 



80. An oxyenedione (X) according to claim 79 where R9 and Ri 1 are: 
15 (a) Ri I is R| i.5:Ri 1^ where one of K\ us or R| ^ and R9 are taken together with 

R9 to form a second bond between C-9 and C-1 1 and other of Ri j.s or R| is -H. 



8 1 . An oxyenedione (X) according to claim 74 where Ri? is selected from the group 
consisting of: 

20 (a) a-Rn.7:p-Ri7^ where R17.7 and R|7.8 are taken with the attached carbon 

atom to form a five member lactone containing -0-CC)-CH2-CH2- where the 
attachment of the CH2- is at Rt?.? in the a-orientation and the attachment of the -O is 
at Ri7^ in the ^-orientation. 
(b)=0; 

25 (c) a-Ri7.i :p-Ri7.2 where R17.1 is -C^C-H and where R17.2 is -OH; 

(d) — C^C-CH2-0-Ri7-i-i. 



82. An oxyenedione (X) according to claim 81 where R]7 is: 

(a) a-Ri7.7:P-Ri7^ where Ri7.7and Rn^ are taken with the attached carbon 
30 atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R| 7^ in the ^-orientation. 
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83. An oxyenedione (X) according to claim 74 where Rb and Rc are -H. 

84. An oxyenedione (X) according to claim 74 where is C| alkyl. 

5 

85. An oxyenedione (X) according to claim 74 which is: 

i 7P-hydroxy-7a-(c£y-3 *-acctoxyacryloyl)-pregna-4,9( 1 1 )-dien-3-one-2 1 - 
carixixylic acid, y-lactone and 

I7P-hydroxy-7aK*rflm-3'-acetoxyaciyloyl)-pregna-4,9(ll)-dien-3-one-2 
1 0 caiboxylic acid, ^^lactone. 

86. A 7a-unsaturated steroid of formula (XIV) 




(XIV) 



O Rb 



where 

15 (1) R3 is = O; R4 is R4.i:R4.2 where one of R4-1 and R4.2 is -H and the 

other of R4.1 and R4_2 is taken together with R5 to form a second bond between the 
caibon atoms to which they are attached; R^ is -H:-H; 

(HI) R3 is a-R3-5:P-R3^ where R3.5 is -O-R31 and R3-6 is -O-R32 where 
R31 and R32 are the same or different and are selected firom the group consisting of 
20 C1-C3 alkyl and 

R31 and R32 are taken witii the attached -O-C-O- to form a cyclic ketal of 5 or 
6 atoms of the formula 

-(CH2HCR33R34)n|-(CH2)- 

where ni isOor 1; 

25 where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
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-H:-H; 9^ <s R«-s:R«4 v/here one of R«.5 and Rm is taken together with Rs to form a 
second bond between the caibon atoms to which they are attached and the other of R«. 
5 and R«4 is -H; 

(IV) R3 is a-R3.7:P-RM where R3.7 is -O-R31 and Rm is -O-R32 where 
S R31 and R32 are as defined above; R4 is R4.7:R44 where one of R4-7 and Rm is taken 
together with R5 to form a second bond between the carbon atoms to which they are 
attached and the other of R4.7 and R4-8 is -H; R« is -H:-H; 
where R9 is: 

(1) -H. 

10 (2) -OH. 

(3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected fiom the group consisting of 

.Si(-CH3)3, 
-Si(-CH2-CH3)3. 

IS -CO-CH3. 

-CO-H and 
-SiH(CH3)2. 

(4) -F; 
where Rn is: 

20 (1)=0. 

(2) -H:-H, 

(3) a-Rii.i:P-Rii.2whereRii.i is: 

(a) -H. 

(b) -0-R| 1.3 where R11.3 is: 
25 (i)-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where R| 1 j is: 

(a)-H, 

30 (b) -0-R|i^ where R| Mis: 

(i)-H. 
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(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, with the proviso that one of 
Ri |.| and Ri 1.2 must be -H, 

(4) Ri|.s:Rii^ where one of Ri 1.3 or R| and R9 are taken together 

S widi R9 to form a second bond between C-9 and C-1 1 and the other of R| 1.5 or Rim is 
-H. 

(5) a-Ri i.7:P*Ri 1^ where Ri 1.7 and R9 are taken togetho- with -O- to 
form an epoxide between C-9 and C-1 1 and Rn^ is -H; 

where R|7 is: 
10 (1)=0; 

(2) a-Ri7.i:P-Ri7-2 where Rn-i is: 

(a) -H. 

(b) -<^.H, 

(c) -feN, 

15 (d) -CsC-CH2-0-Ri7.i-i where Rn-i-i is selected from the 

group consisting of 

(i) -H, 

(ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

and are Ct-Q alkyl, 
20 (iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyl, 

(e) -CM:-CH2-0-(HYDROXY protecting GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

25 (g) -CH2-CH2-CH2-O-(HYDR0XY PROTECTING GROUP) 

where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ' and where R17.2 is -OH; 

(3) a-Ri7.3'P-Ri7-4 where Rno is -OH and where R|7^ is: 

(a)-CO-CH3. 
30 (b)-CO-CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)o.3-CH3; 
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(4) a-Ri7.s:p-Ri7^ where Rn-s and Rit^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2- is 
at R17.S in the a-orientation; 
5 (5) a-Ri7-7:p-Ri7-« where R17.7 and Ri7^ are taken with the attached 

caibon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CHr is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond fix)m the oxygen (-0) 
1 0 is one of the four bonds at C- 1 7 in the p-configuration and the bond from the 

methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a 5 member heterocycle containing one oxygen atom, where Rn^ is -H or Ct- 
Cjalkyl; 

(7) a-Ri7.ii:p-Ri7-i2 where Rn-io is -(CH2)i.2-CH=CH2 and R17-12 is 

15 -OH; 

where R^ is selected from the group consisting of 
-H, 

C1-C4 alkylor 

phenyl optionally substituted with 1 or 2 
20 C1-C4 alkyl, 

C1-C4 alkoxy, 
where Rc is selected from the group consisting of: 
-H, 

C1-C4 alkyl, 
25 C1-C4 alkoxy, 

-0-Si(R)3 where the R's are the same or different and are -H, C1-C4 
alkyl, -q>, C1-C4 alkoxy and ^H, 
-F. -CI, -Br, -I, 
-CO-OCH3 and 
30 -CO-Rc-i where Rc-i is C1-C4 alkyl or -<p; 

where R<i is selected from the group consisting of 
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-ON, 

Ci-Cio alkyl, 
C1-C4 alkoxy, 

-CH2-OIU1 where is ~H or C1-C4 alkyl, 
S -CH2-N(R<]^)2 where the two lU^ are the same or different and are: 

C1-C4 alkyl, 

-CO-R4_6a where R^wa is C1-C4 alkyl or -9, 
-CH2-0-C0-R<i-i where R^-i is as defined above, 
10 -CH(0R<|.|)2 where Rd.i is as defined above and where the two Ra.i 

taken together are: 

.CH2-CH2-, 
-CH2"CH2-CH2-, 
-CH2-C(CH3-)2-CH2-, 
1 5 -CH(-0-CO-Rd.i)2 where Rd.i is as defined above, 

-Si(R)3 where R is as defined above, 
-0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where R^.! is as defined above, 
-S-R<j.5 where R<|.5 is CrC4 alkyl or -<p, 
20 -N(Rd-6)2 where R<i-6 is as defined above, 

where Rc and R<s taken together with the atoms to which they are attached to form 




El 

where E| are the same or different and are: 
-H. 

25 C1-C4 alkyl, 

-F,<:i.-Br,-I, 
-OE|.] where Em is: 
-H. 

CrC4 alkyl, 
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-<por 

-SiE1.2E1.3EM where E|.2, E1.3 and Ei^ are the same or difTerent 
and are C1-C4 alkyl or C1-C4 alkoxy» 

-S-E1.5 where E1.5 is C1-C4 alkyl or -<p, 
5 -S-(0)i.2-Eu5 where E1.5 is as defined above, 

-N(R4^)2 where the two arc the same or different and are as 

defined above, 

-P(0)(0-Ei.i)2 where E|.| is as defined above, 
-Si(R)3 where R is as defined above. 

10 

87. A 7a-unsaturated steroid POV) according to claim 86 where R3, R4, R3 and R^ are 
selected from the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is and the other of 
R4.] and R4.2 is taken together with Rs to form a second bond between the carbon 
15 atoms to which they are attached; R6 is -H:-H; 

(IH) R3 is a-R3.5:P-R3^ where R^s is -O-R31 and K^^ is -O-R32 where R31 and 
R32 are taken with the attached to form a cyclic ketal of 5 atoms of the 

formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 0; R4 is -H>H; R6 is R6-5:R6^ where 
one of R6-5 and is taken together with R5 to form a second bond between the 
20 carbon atoms to which they are attached and the other of R^s and R^-e is -H; 

(ID) R3 is a-R3-3:P-R3^ where R3-5 is -O-R31 and R3-6 is ~0-R32 where R31 and 
R32 are taken with the attached -OC-0- to form a cyclic ketal of 6 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 
R4 is -H>H; R« is R6.5:R6-6 where one of R^s and Rs-e is taken together with R5 to 
25 form a second bond between the caibon atoms to which they are attached and the 
other of R6.5 and R6-6 is -H. 

88. A 7a-unsaturated steroid (XIV) according to claim 87 where R3, R4, R5 and R^ 
are: 

30 (I) R3 is = O; R4 is R4.1 :R4-2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with R5 to form a second bond between the caibon 
atoms to which they are attached; R^ is ~H:-H. 
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89. A 7a-unsaturated steroid (XIV) according to claim 86 where R9 and Ri 1 are 
selected firom the group consisting of: 

(a) R| I is Ri |.5:R} 1^ where one of R| 1.5 or R\ 1^ and R9 are taken together with 
5 R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or Rn-6 is -H, 

(b) a-Ri i.TiP-Ru^ where R| 1.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and Rn^ is -H, 

(c) R9 is -H and R| 1 is a-Ri i.i :p-Ri 1-2 where R| m is -0-R| 1.3 where Ri 1-3 is 
-H, and where R| 1.2 is -H. 

10 

90. A 7a-unsaturated steroid (XIV) according to claim 89 where R9 and Rn are: 

(a) R| I is Ri lsiRi where one of R| 1.5 or Ri 1-6 and R9 are taken together with 
R9 to form a second bond between C-9 and C- 1 1 and other of R\ 1.5 or Ri 14 is -H. 

IS 9 1 . A 7a-unsatiirated steroid (XIV) according to claim 86 where Rn is selected from 
the group consisting of: 

(a) a-Ri7-7:p-Ri7-8 where R17.7 and Rn-s are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

20 at Ri74 in the ^-orientation. 

(b) =0; 

(c) a-Ri7.i:|i-Ri7.2 where R17.1 is -C^-H and where R17-2 is -OH; 

(d) -feC-CH2-0-Ri7.i.i. 

25 92. A 7a-unsaturated steroid (XIV) according to claim 91 where Rn is: 

(a) a-Ri7.7:P-Ri74 where R)7.7and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Rt74 in the p-orientation. 

30 

93. A 7a-unsaturated steroid (XIV) according to claim 86 where Rb and Rc are -H. 
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94. A 7a-unsaturated steroid (XIV) according to claim 86 where Rd is C| alkyl. 

95. A 7o-preacid of the formula PCV) 




(XV) 



5 where 

(1) R3 is = O; R4 is R4.i:R4.2 where one of R4.! and R4.2 is -H and the 
other of R4.1 and R4-2 is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached; R« is -H:-H; 

(m) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and Ra^ is -O-R32 where 
10 R31 and R32 are the same or different and are selected from the group consisting of 
CrCy alkyl and 

R31 and R32 are taken with the attached -O-C-0- to form a cyclic ketal of 5 or 
6 atoms of the formula 

-(CH2HCR33R34)nr(CH2)- 

15 whereni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
-H:-H; R^ is R6.5:R6^ where one of R6.5 and R^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R^-sandR^^is-H; 

20 (TV) R3 is a-R3-7:P-R3^ where R3.7 is -O-R31 and Ry^ is --O-R32 where 

R31 and R32 are as defined above; R4 is R4.7:R4^ where one of R4.7 and R4^ is taken 
together with R5 to form a second bond between the carbon atoms to which they are 
attached and the other of R4.7 and R4^ is -H; R« is -H>H; 
where R9 is: 

25 (1)-H, 

(2) -OH, 

-21!. 
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(3) -CKHYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected fiom the group consisting of: 

-Si(-CH,)3. 
-Si(-CH2-CH3)j, 
5 -CO-CHa, 

-CO-H and 
-SiH(CH3)2, 

(4) -F: 
where Rii is: 

10 (1)=0, 

(2) -H:-H, 

(3) a-Rti-i:P-Rii-2 where R||.| is: 

(a) -H. 

(b) -O-Ri 1-3 where R| 1.3 is: 
15 (i)-H. 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where R| 1.2 is: 

(a)-H, 

20 (b) -O-Ri 1 ^ where Ri m »s: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of R| m and R11.2 must be -H, 
25 (4) R| |.$:R| 14 where one of R| 1.5 or R| and R9 are taken together 

with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or R| is 
-H, 

(5) a-Ri i-7:p-Ri i-s where R| 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and R| 14 is -H; 

30 where R|7 is: 

(1) =0; 

(2) a-Ri7.i:P-Ri7-2 where R17.1 is: 

• 212- 
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(a) -H, 

(b) -CsC.H, 

(c) -teN, 

(d) --C^-CH2-0-Ri7.i.i where Rh-m is selected fix)m the 

5 group consisting of 

(i) -H, 

(ii) -Si(Ri 7-1-2)3 where R17.1 .2 are the same or different 

and are Ci-Q alkyl, 

(iii) 1-ethoxyethyI, 

1 0 (iv) 2-tetrahydropyranyl, 

(e) -<>C-CH2-0-( HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
1 5 where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ■ and where R17.2 is ^H; 

(3) o-Ri7-3:p-Ri7-4 where R17-3 is -OH and where Rn^ is: 

(a) -C0-CH3, 

(b) -CO-CH2-OH, 

20 (c) -CO-CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7.5:P-Ri7^ where R17.S and Rp^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at R17.6 in the p-orientation and the attachment of the CH2- is 
at R17.S in the a-orientation; 

25 (S) a-R)7-7:P-Ri 7^ where R17.7 and R17.8 are taken with the attached 

carbon atom to form a five member lactone containing -0-C0-CH2-CHr where the 
attachment of the CH2- is at R17.7 in the ccrorientation and the attachment of the -O is 
at Ri7^ in the ^-orientation; 

(6) -0-CH(OR|7.9)-CH2-CH2 where the bond from the oxygen (-0) 

30 is one of the four bonds at C-1 7 in the P-configuration and the bond from the 

methylene group (CH2 ) is another of the four bonds at C-1 7 in the a-configuration 
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to fonn a 5 member heterocycle containing one oxygen atom, where R17J9 is -H or Ci- 
Csalkyl; 

(7) a-Ri7.ii:p-Ri7-i2 where Rn-io is-(CH2)|.2-CH=CH2 and Ri7,i2 is 

-OH; 

5 where Rb is selected from the group consisting of 

-H, 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 
10 CrC4 aikoxy. 

96. A 7a-preacid of formula (XV) according to claim 95 where R3, Rt. Rs and Re are 
selected from the group consisting of: 

(I) R3 is = O; R4 is R4-i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
15 R4.] and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R« is -H>H; 

(ID) R3 is a-Rj-srP-Ra-e where R3.5 is -O-R31 and Rs^ is -O-R32 where R31 and 
R32 are taken with the attached -O-C-0- to form a cyclic ketal of 5 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2> where ni is 0; R4 is -H:-H; R^ is R6.5:R6^ where 
20 one of R6-5 and R^^ is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached and the other of R^-s and is -H; 

(III) R3 is a-R3.5:p-R3^ where R3.5 is -O-R31 and R3^ is ^-R32 where R31 and 
R32 are taken with the attached -O-C-0- to form a cyclic ketal of 6 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 
25 R4 is -H:-H; Re is R6.5:R6^ where one of R6.5 and R^^ is taken together with R5 to 
form a second bond between the carbon atoms to which they are attached and the 
other of Re-s and R^ is -H. 

97. A 7a-preacid of formula (XV) according to claim 96 where R3, R4, R5 and R^ are: 
30 (I) R3 is = O; R4 is R4.1 :R4«2 where one of R4-1 and R4-2 is -H and the other of 

R4.1 and R(.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R« is -H:-H. 
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98. A 7a-preacid of formula (XV) according to claim 95 where R9 and Ri 1 are 
selected from the group consisting of: 

(a) R| 1 is Ri i.5:R| 1^ where one of Ri 1.5 or R| 1^ and R9 are taken together with 
S R9 to form a second bond between €-9 and C-1 1 and the other of Ri 1.5 or Ri 1^ is -H, 

(b) a-Ri i.7:P-Ri m where Rj 1.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and R| 1^ is -H, 

(c) R9 is -H and Ri 1 is a-R| m :^-R\ \.i where Ri m is -0-R| 1.3 where Ri 1.3 is 
-H, and where R| 1.2 is -H. 

10 

99. A 7a-preacid of formula (XV) according to claim 98 where R9 and Ri 1 are: 

(a) Ri 1 is R\ i.s:R| 1-5 where one of Ri |.s or Ri 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of R| 1-5 or Rn-6 is -H. 

100. A Torpreacid of formula (XV) according to claim 95 where Rt? is selected from 
1 5 the group consisting of: 

(a) a-Ri7.7:p-Ri7-s where R17.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7.g in the p-orientation. 
20 (b)=0; 

(c) a-Ri7.i:P-Ri7-2 where Rn-i is -OC-H and where R17.2 is -OH; 

(d) -teC-CH2-0-Ri7-i-i. 

101. A 7a-preacid of formula (XV) according to claim 100 where R17 is: 

25 (a) a-Rt7.7:P-Ri7^ where R17.7 and Rn^ are taken with the attached caibon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the ^-orientation. 

30 1 02. A 7a-preacid of formula (XV) according to claim 95 vAim Rb is -H. 

1 03. A process for the preparation of a 7a-substituted steroid (U) of the formula 
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(II) 



(I) Ra is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with Rs to form a second bond between the caifoon 
S atoms to which they are attached; R« is -H:-H; 

(n) R3 is R3.3:R3^ and R4 is R4.3:R4^ where one of R3.3 and Rs^ is -O-R31 
where R31 is C1-C3 alkyi, the other of R3.3 and R3^ is taken together with one of R4.3 
and Rm to form a second bond between the carbon atoms to which they are attached, 
and the other of R4.3 and R4-4 is -H; R« is R6.3:R6^ where one of R6.3 and Rs^ is taken 
10 together with Rs to form a second bond between the carbon atoms to which they are 
attached and the other of R«.3 and R^^ is -H; 

(in) R3 is a-R3-5:p-R3-6 where R3.5 is -O-R31 and R^^ is -O-R32 where R31 and 
R32 are the same or different and are selected from the group consisting of 
C1-C3 alkyI and 

IS R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal 

of S or 6 atoms of the formula 

-(CH2HCR33R34)nl-<CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
20 -H:-H; R6 is R6.s:R6« where one of R^s and R^^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R6.sandR64is-H; 

(IV) R3 is a-R3.7:P-R3-8 where R3.7 is -0-R3i and Ry^ is -O-R32 where R31 and 
R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R4-8 is taken together 
2S with R5 to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R^ is -H; R« is -H:-H; 

where R7.1 is a molecular fragment of the formula (-A1) 
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or of the fonnula (*A2) 



7 W (^1) 

Xi 




T\ (-A2) 

Rd 

where Xi is: 
5 -S-, 

-O-or 

-NXi-r and where Xj.i is: 
-H, 

Ci-C4alkyl, 

10 -CO-OXi.2 where X1.2 is C1-C4 alkyl or -CH2-9, 

-CO-X1.2 where X1.2 is as defined above, 
-CO-9 where Hp is substituted in the o*positi(H& with 

-C0-0-(Ci-C4 alkyl). 

.S02-(Ci^3 alkyl), 

IS -SQ2-9 where 9 is optionally substituted with 1 or 2 

C1-C4 alkyl, 
C1-C4 alkoxy; 
where Rb is selected from the group consisting of 
-H. 

20 C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 
C1-C4 alkoxy, 
where is selected from the group consisting of: 
25 -H, 

C1-C4 alkyl, 
C1-C4 alkoxy, 
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-0-Si(R)3 where the R*s are the same or difTerent and are -H, 
C1-C4 alkyl, -(p, C1-C4 alkoxy and -OH, 
-F,^l, -Br. -I, 
-CO-OCH3 and 

5 -CO-Rc.1 where Rc.i is C1-C4 alkyl or -<p; 

where R<i is selected from the group consisting of 
-H, 
-C=N, 

CrCio allgrl; 

10 CrC4 alkoxy; 

-CH2-0Rd.i where Rd.| is -H or CrC4 alkyl, 

-CH2-N(R<i^)2 where the two R<i^ are the same or different and 

are: 

C1-C4 alkyl, 
15 -9, 

-CO-IU«a where R<^6a is C1-C4 alkyl or -q>, 
-CH2-0-C0-R<n where R^-x is as defined above, 
-CH(OR4i.i)2 where R<i.i is as defined above and where the two 
Ra.i taken together are: 
20 -CH2-CH2-, 

-CH2-CH2-CH2-, 
-CH2-C(CH3-)2-CH2-, 
-CH(-0-C0-Rd.i)2 where R<i.i is as defined above, 
•Si(R)3 where R is as defined above, 
25 -0-Si(R)3 where R is as defined above, 

-Sn(Rb.|)3 where Rb.i is as defined above, 

where Rd.5 is C1-C4 alkyl or -9, 
-N(R<i^)2 where R<m is as defined above. 
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where Rc and Rd taken together with die atoms to which they are attached to form 

El 




where Ei are the same or different and are: 
-H. 

5 CrC4alkyl, 

-F, -CI, -Br, -I, 
-OEm where Em is: 
-H, 

C1-C4 alkyl, 
10 -<por 

-SiEi-2E|.3Ej^ where E1.2, E1.3 and Em are the same or 
different and are CrC4 alkyl or CrC4 alkoxy, 

-S-E|.5 where E1.5 is C1-C4 alkyl or -9, 
-S-(0)|.2-E|.5 where Ei.s is as defined above, 
1 5 *N(Rd^)2 where the two are the same or different and are 

as defined above, 

-P(0)(0-E|.|)2 where E^ is as defined above, 
-Si(R)3 where R is as defined above; 

-CEi=M (-B) 
20 where E| is as defined above and 

where M is: 

(1) =o, 

(2) =N-E2 where E2 is selected fix>m the group consisting of 

-H 

25 C1-C4 alkyl, 

C1-C4 aikenyl containing 1 or 2 double bonds, 
Ci-CU alkynyl containing 1 triple bond, 
-CO-OE2.1 where Em is -H or C1-C4 alkyl, 
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-C(E2.i)2-OE2.2 where E2.1 are the same or diSerent and are as 
defined above and where £2^ is 

Ci-QalkyK 
-9 or 

S -Si(R), where the three R are die same or different and 

are defined above, 

-OE2.2 where £2,2 is as defined above, 
-S-E2.3 where E2.3 is C1-C4 alkyl or -9, 
-S-(0)i.2-E2,3 where E2-3 is as defined above, 
10 -N(R<}^)2 where the two are the same or different and are as 

defined above; 

-Si(R)3 where the three R are as defined above; 
(3) =€(£2)2 where the E2 are the same or different and are as defined 

above, 

15 where El and £2 are taken together with the atoms to which they are attached 

to form a ring of S thru 7 members, optionally containing 3 thru 5 
-0-, 

-N=, 

20 -NX|-r where Xm is as defined above, 

-CE2= where E2 is as defined above, 

-C(Rb)2- where Rb is as defined above, and optionally containing 1 or 2 
additional double bonds; 

-C2C-E2 (-C) 
25 where E2 is as defined above; 

-CH2-CH=CH2 ^ (-D1) 
-CH=C=CH2 (-D2) 
-CH2-OC-H (.D3) 

where R9 is: 
30 (1)-H, 
(2) -OH, 
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(3) -O-{HYDR0XY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consisting o£ 

-Si.(-CH3),, 
.Si(-CH2-CHj)3, 
5 -CO-CHs, 

-CO-H and 
-SiH(CH3)2. 

(4) -F; 
where Ri I is: 

10 (1)=0, 

(2) -H:-H, 

(3) (K-R||.i:P-Rti-2 where R||.| is: 

(a) -H. 

(b) -O-Ri 1-3 where R| 1.3 is: 
15 (i)-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where R| 1.2 is: 

(a)-H. 

20 (b) -0-R| M where R| m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of R| |.| and Ri 1.2 must be -H, 
2S (4) R||.s:Rii4 where one of R11.5 or R114 and R9 are taken together 

with R9 to foim a second bond between C-9 and C-1 1 and the other of Ru-s or Rn^ is 
-H. 

(5) a-Ri i.7:P-Ri 1^ where Ri 1.7 and R9 are taken together with -O- to 
foim an epoxide between C-9 and C-1 1 and Ri 14 is -H; 

30 where R17 is: 

(1) =0; 

(2) a-R,7.i:P-Ri7.2 where Rn-i is: 
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(a) -H. 

(b) -CsC-H. 

(c) -C«N. 

(d) -C^-CH2-0-R]7.|.| where Rn.ui is selected from the 

S group consisting of 

(i) -H. 

(ii) -St(Ri7.i.2)3 where R17.1-2 are the same ordifTerent 

andareCrC4alkyI» 

(iii) 1-ethoxyethyl, 

] 0 (iv) 2-tetrahydropyTanyl, 

(e) -OC-CH2-0-(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH. 

(g) -CH2-CH2-CH2-0.{HYDROXY PROTECTING GROUP) 
1 5 where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O • and where R17.2 is -OH; 

(3) a-Ri7.3:P-Ri7-4 where R17.3 is -OH and where Rn-i is: 

(a) -C0-CH3, 

(b) -CO-CH2-OH, 

20 (c) -<:0-CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7.5:P>R]7-« where R17.5 and Rn^ are taken with the attached 
caibon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at Rn^ in the p-orientation and the attachment of the CH2- is 
at Rt7.3 in the a-orientation; 

25 (5) a-Ri7.7:P-Ri7^ where R17.7 and Ri7^ are taken widi the attached 

caibon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the P-orientation; 

(6) -^CH(ORi7-9)-CH2-CH2 where the bond from the oxygen (-0) 

30 is one of the four bonds at C-1 7 in the p-configuration and the bond from the 

methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
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to fonn a S member heterocycle containing one oxygen atom, where Ri?^ is -H or Ci- 
Caalkyl; 

(7) a-Ri7.n:p-Ri7-i2 where Rn-io is -(CH2)i.2-CH=CH2 and R17.12 is 
-OH; which comprises: 
S ( 1 ) contacting a A^*^-3-keto steroid or ketal thereof (I) of the formula 




(I) 



where 

(I) R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
10 atoms to which they are attached; 

(I-ketal) R3 is R3-9:R3.io where R3.9 is -O-R31 arid R3,io is -O-R32 where Rai 
and R32 are the same or different and are selected from the group consisting of 
CrC3 alkyl and 

R31 and R32 are taken widi the attached -O-C-O- to form a cyclic ketal 
15 of S or 6 atoms of the fomiula 

-(CH2HCR33R34)nr(CH2)- 

where n^ is 0 or 1; 

where R33 and R34 are the same or different and are -H and CrC3 alkyl; R4 is 
R4.9:R4.io where one of R4.9 and R4.iois taken together with R5 to form a second bond 
20 between the carbon atoms to which they are attached and the other of R4.9 and R4.10 is 
-H; 

where R9, Ri 1 and R17 are as defined above, with an adduct selected from 
compounds 

(a) of the formula (A) 



25 
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or 



(A2) 

where X|, Rb, Rc and are as defined above, and 
where is selected firom the group consisting of -H, -ZnL, -BL, -SiLj, 
5 -SnLa, -Cu, -CuL, -AIL2. -HgL, -Ag. -MgL, -Li and -COOH. where L is -OH, C1-C4 
alkyl, -F, -CI, -Br, -I, -CN, -0(Ci-C3 alkyl), 2-thien>i, (CH3)2C(0-)-C(0-)C(CH3)2 and 
-O— 



f 

(b) ofthe formula (A*) 

Rb-CO-CHRb-CHRc-CO-Rd (A') 
10 where Rb, Rc and R^i are as defined above; 

(c) ofthe formula (A") 

Rb Ft 

O Xi o 

\ 

where R« is: 

C1-C4 alky], 
15 -CO-(Ci-C4 alkyl or -9), 

-Si(R)3 where R is as defined above and where Xi , Rb, Rc and Rd are as 

defined above; 

(d) of the formula (B) 

Ra-CE,=M (B) 
20 where R^, E| and Mare as defined above; 

(e) of the fonnula (C) 

R«-OC.E2 (C) 
where Re and E2 are as defined above; 
(0 ofthe formulas (01 , D2 and D3) 
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R.-CHrCH=CH2 (Dl) 
Ra-CH=C=CH2 (D2) 
Re-CH2-C^-H (D3) 
where Ro is as defined above, in the presence of: 
S (1) a Lewis Acid, 

(2) a proton acid with a pKa of < about S or 

(3) a salt of a secondaiy amine of the formula 

O 

where: 

10 Rs.2 is -H, CrC4 alkyi, -<p, -CH2-9; 

Rs.3 is -H, C1-C4 alkyl; 
Rs4 is -H, C1-C4 alkyl, np; 
Rs-5 is -H, C1-C4 allqrl, -9; 



15 



and 



H 



where 

Rs.2 is -H, C1-C4 alkyl, -q>, -CH2-9; 
Rs^ is -H, C1-C4 alkyl, Hp; 
Rs-s is -H, C1-C4 alkyl, np; 
20 with an acid of pKa of < about 2. 

104. A process for the preparation of a Ta-substituted steroid (II) according to claim 
103 where for die 7a-substituted steroid R3, R4, Rs and R« are selected from the group 
consisting of: 
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(I) Ra is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with Rs to forni a second bond between the caibon 
atoms to which they are attached; R« is -H>H; 

(in) R3 is a-R3-5:p-R3-6 where Rj.5 is -O-Rji and Rj^ is -0-R32 where R31 and 
5 R32 are taken with the attached -OC-0- to form a cyclic ketal of 5 atoms of the 
formula -(CH2HCR33R34)ni-(CH2)- where ni is 0; R4 is -H:-H; Re is R^-s^I^ where 
one of R«.s and R^-t is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached and the other of R6.5 and Rss is -H; 

(in) R3 is a-R3.5:P-R3^ where R3-5 is -O-R31 and R3-6 is -O-R32 where R31 and 
10 R32 are taken with the attached -O-C-O- to form a cyclic ketal of 6 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2> where ni is 1 and R33 and R34 are both Ci alkyl; 
R4 is -H:-H; Re is R^-siR^^ where one of Re-s and Re-6 is taken together with R5 to 
form a second bond between the carbon atoms to which they are attached and the 
other of Re.5 and Re-6 is -H. 

IS 

105. A process for the preparation of a 7a-substituted steroid (D) according to claim 
104 where R3, R4» Rs and Re are: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is ~H and the 
other of R4.1 and R4.2 is taken together with R5 to form a second bond between the 
20 caibon atoms to which they are attached; Re is -H:-H. 



106. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where R9 and R| 1 are selected from the group consisting of: 

(a) R| I is R] i.s:Rn^ where one of Ri 1.5 or R\ \^ and R9 are taken together with 
25 R9 to form a second bond between C-9 and C- 1 1 and the other of Ri 1-5 or Rn^ is -H, 

(b) a-Rt i.7:p-Ri 1^ where Ri 1.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and R| 1^ is -H, 

(c) R9 is -Hand Rn is a-Rii.i:P-Ri 1.2 where Rim is-O-Rn.3 whereRii.3 is 
-H, and where R| 1.2 is -H. 
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107. A process for the preparation of a 7a--substituted steroid (II) acxording to claim 
106 where R9 and Ri I are: 

(a) Ri I is Ri 1.5*1 1^ where one of Rj 1.5 or R| and R9 are taken together with 
R9 to fonn a second bond between C-9 and C-1 1 and other of Ri t.5 or R| 1^ is -H. 

5 

108. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where Rn is selected from the group consisting of: 

(a) a-R]7.7:P-Ri7^ where Rp.vand Rp^ are taken with the attached caibon 
atom to forai a five member lactone containing -O-COCH2-CH2- where the 

10 attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R17.8 in the p-orientation. 

(b) =0; 

(c) a-Ri7.i:P-Ri7.2 where Rn.i is -CsC-H and where R17.2 is ^H; 

(d) -<:^-CH2-0-Ri7.M. 

IS 

1 09. A process for the preparation of a 7a-substituted steroid (II) according to claim 
108 where Ri 7 is: 

(a) a-Ri7.7:P-R)7^ where R17-7 and R17.8 are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
20 attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R17.8 in the ^-orientation. 

1 10. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the adduct is of formula (Al) 



111. A process for the preparation of a 7a-substituted steroid (II) according to claim 
110 where Xi is-O-. 




(Al) 



25 
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1 12. A process for the preparation of a 7a-substituted steroid (II) according to claim 
1 10 where Rb and Rc are -H. 

5 1 13. A process for the preparation of a 7a-substituted steroid (II) according to claim 
110 where Ra is Ci alkyl. 

1 14. A process for the preparation of a 7a-substituted steroid (H) according to claim 
110 where Ra is -H. 

10 

1 15. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the adduct is of fomiula (A2) 




IS 1 16. A process for the preparation of a 7a-substituted steroid (II) according to claim 
115 where Xi is-O-. 

1 17. A process for the preparation of a 7a-substituted steroid (II) according to claim 
1 15 where Rb and R<i are C| alkyl. 

20 

1 18. A process for the preparation of a 7a-substituted steroid (II) according to claim 
115 where Rc is -H. 

1 19. A process for the preparation of a 7a-substituted steroid (II) according to claim 
25 115 where Re is -H. 

120. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the adduct is (B) 

Ra-CE|=M (B) 
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1 2 1 . A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the adduct is (C) 

Ra-CsC-E2 (C) 

5 

122. A process for the preparation of a Ta-substituted steroid (II) according to claim 
103 where the adduct is selected from the group consisting of (Dl), (D2) and (D3) 

R.-CH2-CH=CH2 (Dl) 
Ra-CH=C=CH2 (D2) 
10 R.^H2-(>C-H (D3) 

123. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where L for 

-ZnL is -CI, -Br, -I; 
1 5 -BL is catecholate, 

two -OH, 

HO-CH2-CH2-OH, 

HO-CH2-CH2-CH2-OH, 

HO-CH2-C(CH3)2-CHrOH; 
20 -SiLa is Ci alkyi; 

-SnL3 is Ci or «-C4 alkyl; 
-CuL is 2-thienyl or -CN and 
-AIL2 is C1-C2 alkyl. 

25 124. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the process is performed in the presence of a Lewis acid. 

125. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the Lewis Acid is used in the presence of an alcohol selected from the 
30 group consisting of €{-€3 alcohols, ethylene glycol, 1,2- or 1 ^-propylene glycol> 2,2- 
dimethyl- or 2,2-diethyl-l,3-propylene glycol and phenol. 



-229- 



wo 03/082895 



PCT/US03/07793 



126. A process for the preparation of a 7a-substituted steroid (II) according to claim 
125 v/hm the alcohol is a C2 alcohol. 

5 127. A process for the preparation of a 7a-substituted steroid (II) according to claim 
124 where the Lewis Acid is selected from the group consisting of 

BX3. AIX3. SnXj, SnX4, SiX4, MgX2, ZnXz. TO, 

Rh(acac)(CH2CH2)2(2,2-bis(diphenylphosphino)-l,r-binaphthyl), 

Rh(CH3-ON)2(cyclooctadiene)(BF4), 
10 Rh(acac)(CH2CH2)2(dppb), 

LiC104. 

KIO Montmorillonite clay, 
Yb(0Tf)3. 
LiCo(B9C2H„)2, 
15 PdX2, 
CrX3. 
FeX3, 
C0X3, 
NiX2, 

20 SbXs, 
InXj. 
Sc(OTf)3, 
q>3C*X* 

(R)3SiX where R is CrC4 alkyl and -<p; 
25 where X is selected from the group consisting of F, CI", Br", T, -O-SO2CF3', PF6", BF4' 
,and CIO4"; 

Pd(CH3-CO-0")2; 

BFs-diethyletherate complex; 

BF3-acetic acid complex; 
30 BF3-methyl-/-bu^l ether complex; 

BF3-di-n-butyletherate complex; 

BFj-dimethylethmte complex; 
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BFa-dimethylsuIfide complex; 
BFa-phenol complex; 
BFj-phosphoric acid complex and 
BFs-tetrahydrofuran complex. 

5 

128. A process for the preparation of a Ta-substituted steroid GD according to claim 
127 whCTe the Lewis Acid is used in the presence of an alcohol selected from the 
group consisting of C1-C3 alcohols, ethylene glycol, 1^- or 13-pn>p>1ene glycol, 2,2- 
dimethyl- or 2^-diethyl-l,3-propylene glycol and phenol. 

10 

1 29. A process for the preparation of a 7a-substituted steroid (11) according to claim 
127 where the Lewis Acid is selected from the group consisting of 

BF3, 

BFa-diethyletherate complex, 
1 5 BFa-acetic acid complex, 

BF3-methyl-/-butyl ether complex, 

BFa-di-zi-but^etherate complex, 

BFj-dimethyletherate complex, 

BFa-dimethyisulfide complex, 
20 BFa-phenol complex, 

BFa-phosphoric acid complex and 

BFs-tetrahydrofiuan complex. 

130. A process for the preparation of a 7a-substituted steroid (II) according to claim 
25 129 where the Lewis Acid is BFa-diethylefherate. 

1 3 1 . A process for the preparation of a 7a-substituted steroid (II) according to claim 

130 where the BFs-diethyletherate is in the presence of CpCa alcohol. 

30 132. A process for die preparation of a 7a-substituted steroid (II) according to claim 

13 1 where the BFs-diethyletherate is in the presence of C2 alcohol. 
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133. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the acid with a pK« of < about S is selected fiom the group consisting of 

formic acid, 

acetic acid, 
5 propionic acid, 

benzoic acid, 

suliurous acid, 

hydrofluoric acid, 

fluoroboric acid, 
1 0 />>toluenesulfonic acid, 

methanesulfonic acid, 

benzenesuifonic acid, 

trifluoromethanesulfonic acid, 

perchloric acid, 
15 trifluoroacetic, 

trichloroacetic. 

134. A process for the preparation of a 7a-substituted steroid (H) according to claim 
133 where the acid is acetic acid. 

20 

135. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where at least one equivalent of the adduct is used per equivalent of the A^*^-3* 
keto steroid or ketal thereof (I). 

25 136. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the temperature of the reaction mixture is from about -78^ to about 60^ 

137. A process for the preparation of a 7a-substituted steroid (II) according to claim 
1 36 where the temperature of the reaction mbcture is from about -40** to about -IS**. 

30 

138. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the a salt of a secondary amine is selected from the group consisting of 
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5 




/ 

H H 

and the acid with a pKa of < about 2 is selected from the group consisting of 
10 hydrochloric acid, hydrobromic acid, hydroiodic acid, hydrofluoric acid, sulfuric acid, 
phosphoric acid , nitric acid, trichloroacetic acid and trifluoroacetic acid. 



139. A process for the preparation of a 7a-substituted steroid (II) according to claim 
138 where the acid of pKe of < about 2 is hydrochloric acid. 

15 

140. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the process is performed in a solvent/solvent mixture selected from the 
group consisting of: 

CrCe alcohols, 

20 a solvent mixture of CpCe alcohols and a solvent selected from the group 

consisting of acetonitrile, nitromethane, toluene, methylene chloride and acetic acid. 
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141. A process for the preparation of a 7a-substituted steroid (II) according to claim 
140 where the solvent is a mixture of acetonitiile and ethanol. 

S 142. A process for the preparation of a 7a-substituted steroid (II) according to claim 
103 where the 7-substituted steroid (D) is: 

1 7 p-hydroxy-7a-(5 '-methyl-l '-furyl).pregna-4,9( 1 1 )-dien-3-one-2 1 - 
carboxylic acid, T^Iactone, 

1 lot, 1 7PHlihydroxy-7aK5*-niethyl-2'-fiiiyl)-pregn-4-en-3-one*2 1-caib^ 
10 acid, y-lactone, 

9a,lla-epoxy-17P-hydroxy-7a<5'-methyl-2'-fiiryI)-pregn-4-en-3H)ne^^ 
carboxylic acid, y-lactone, 

17p-hydroxy-7aK5'-t-butyl-2'-furyl>-pregna-4,9(ll)-dienO-one-21-carte 
acid, Y-lactone, 

15 1 la,17p-dihydroxy-7a<5'-t-butyl-2'-fuiyl)-pregn-4-enO-one-21-caibo^^^^ 

acid, Y-lactone, 

1 1 0,1 7Pslihydroxy-7a-<4'-bromo-2'-furyl)-piegn-4-en-3H)ne-2 1-carboxy 
acid, Y-Iactone, 

lla,17p-dihydroxy-7a-<4*-methyl-2'-furyl)-pregn-4-enO-one-21-carbox^^^^ 
20 acid, Y-Iactone and 

7a-allyl-17P-hydroxypr^gna-4,9(l l)-dien-3-one, 21-carboxylic acid, y-lactone. 



143. A process for purifying a 7a-substituted steroid of formula (D) 

!?17 



25 




(») 



where 
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(I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the caibon 
atoms to which they are attached; R« is -H>H; 

(II) R3 is R3.3:R3-4 and R4 is R4-3'Rm where one of R3.3 and R3-4 is -O-R31 

S where R31 is CrCy alkyl, the other of R3.3 and Ry^ is taken together with one of R44 
and R4^ to form a second bond between the caibon atoms to which they are attached, 
and the other of R4.3 and R4-4 is -H; R^ is R^3:R^ where one of R6.3 and 
Rm is taken together with R5 to form a second bond between the caibon atoms to 
which they are attached and the other of R6-3 and R6-4 is -H; 

10 (IE) R3 is a-R3.5:P-R3-6 where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 

R32 are the same or different and are selected from the group consisting of 
C1-C3 alky] and 

R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal of 5 or 
6 atoms of the formula 

15 .(CH2HCR33R34)nl-(CH2)- 

whereni is Cor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
-H:-H; R^ is R^s'.R^^ where one of R6.3 and R6^ is taken together with R5 to form a 
second bond between the caibon atoms to which they are attached and the other of 
20 R6.5 and R6^ is -H; 

(IV) R3 is a-R3.7:p-R3^ where R3.7 is -O-R31 and R^^ is -O-R32 where R31 and 
R32 are as defined above; R4 is R4.7:R4^ where one of R4.7 and R4^ is taken together 
with Rs to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R4-8 is -H; R* is -H>H; 
25 where R7.1 is a molecular fragment of the formula (-A1) 




(-A1) 



Xi 



or of the formula (-A2) 
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(-A2) 

where Xi is: 
-0-or 

5 -NXm- and where Xm is: 

-H. 

d-Caalkyl, 

-CO-OXi.2 where X).2 is C1-C4 alkyl or-CH2-9, 
-CO-X1.2 where X1-2 is as defined above, 
1 0 -CO-<p where -9 is substituted in the o-position with 

-COO.(CrC4 alkyl), 

-S02-(CrC3 alkyl), 

-SO2-9 where (p is optionally substituted with 1 or 2 
CrC4 alkyl, 

15 CrC4alkoxy; 

where Rb is selected from the group consisting of 
-H, 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
20 C1-C4 alkyl, 

C1-C4 alkoxy, 
where Rc is selected from the group consisting of: 
-H. 

C1-C4 alkyl, 
25 Ct-C4 alkoxy, 

-0-Si(R)3 where the R's are the same or difiTerent and are -H, 
C1-C4 alkyl, -9, C1-C4 alkoxy and -OH. 

-F, -CI, -Br. -I, 
^0-0CH3 and 

30 -CO-Rc-i where Rc.i is C1-C4 alkyl or Hp; 
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where Rd is selected fiom the group consisting of 

Ci-CioalkyI; 
CrC4 alkoxy; 

-CH2-0Rd.i where R<|.i is -H or C1-C4 alkyi, 

-CH2-N(R(i^)2 where the two are the same or different and 



are: 



CrC4 alkyl, 

10 HP, 

-C0-R<^6a where is C1-C4 alkyl or -<p, 
-CH2-0-C0-R<i.i where R<n is as defined above, 
-CH(ORd.i)2 ^ere R^.] is as defined above and where the two 
Rd.| taken together are: 
15 -CH2-CH2-. 

-CH2-CH2-CH2-, 
-CH2-C(CH3-)2-CH2-, 
-CH(-0-C0-R<i.i)2 where R<j.i is as defined above, 
-Si(R)3 where R is as defined above, 
20 -0-Si(R)3 where R is as defined above, 

-Sn(Rb.|)3 where Rb.i is as defined above, 
-S-R<i.5 where R<j.5 is C1-C4 alkyl or -<p, 
-N(R<m)2 where Rd^ is as defined above, 
where Rc and R^ taken together with the atoms to which they are attached to form 

El 




25 

where E| are the same or different and are: 

CrC4 alkyl, 
.F..a-Br,.I, 
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-OEi.i where Em is: 
-H, 

CrC4 alkyl, 
-q)or 

5 -SiE1.2E1.3EM where E1.2, E|.3 and Em are llie same or 

different and are C1-C4 alkyl or C1-C4 alkoxy, 

-S-Ei-5 where £1.5 is C1-C4 alkyl or -9, 

-S-(0)i.2-E|.5 where E1.5 is as defined above, 

-N(R<|.6)2 where the two Rd.6 are the same or different and are 

10 as defined above, 

-P(0)(0-E|.i)2 where Em is as defined above, 
-Si(R)3 where R is as defined above; 

-CEfM (-B) 
where E| is as defined above and 
IS where Mis: 

0)=O, 

(2) =N-£2 where E2 is selected fix)m the group consisting of 
-H 

C1-C4 alkyl, 

20 C1-C4 alkenyl containing 1 or 2 double bonds, 

C1-C4 alkynyl containing 1 triple bond, 
-CO-OE2.1 where E2.1 is -H or CrC4 alkyl, 
-C(E2.i)2-OE2-2 where E2-1 are the same or different and are as 
defined above and where E2.2 is 
25 Ci-C4 alkyl, 

-9 or 

-Si(R)3 where the three R are the same or different and 

are defined above, 

-OE2-2 where E2.2 is as defined above, 
30 -S-E2.3 where E2.3 is CrC4 alkyl or -<p, 

-S-(0)|.2-E2-3 where E2.3 is as defined above. 
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-N(R<jU6)2 where the two R<i6 are the same or different and are as 

defined above; 

>Si(R)3 where the three Rare as defined above; 
(3) =€(£2)2 where the £2 are the same or different and are as defined 

5 above, 

where £1 and £2 are taken together with the atoms to which they are attached 
to form a ring of 5 thro 7 members, optionally containing 3 thru S 

10 -N=, 

•NXi.r where Xm is as defined above, 
-C£2= where £2 is as defined above, 

-C(Rb)2* where Rb is as defined above, and optionally containing 1 or 2 
additional double bonds; 
15 -C>C-£2 (-C) 

where £2 is as defined above; 

-CH2-CH=CH2 (-D1) 
.CH=C=CH2 . (-D2) 
-CHj-CsC-H (-D3) 

20 where R9 is: 

(1) -H. 

(2) -OH, 

» 

(3) -0-(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consisting of: 

25 -Si(-CH3)3, 

-Si(-CH2-CH3)3, 

-CO-CH3, 

•co-Hand 

.SiH(CH3)2. 

30 (4)-F; 

where R| I is: 
(1)=0. 
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(2) -H:-H. 

(3) a-RiM:P-R]|.2 where R|i.| is: 

(a) "H, 

(b) -0-Ri lo where Ri 1.3 is: 
5 (i)-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where Ri 1.2 is: 

(a)-H, 

10 (b) -O-RiM where Ri m is: 

(0-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of R\ \.\ and Rm-2 must be -H, 
15 (4) Rii.5:R||^ where one of Rn.5 or Rn^ and R9 are taken together 

with R9 to form a second bond between C-9 and C-1 1 and the other of Ri us or Rn^ is 
-H, 

(5) a-Ri i.7:P-Ri 1^ where Ri 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Ri |.8 is -H; 
20 where Ri7 is: 

(1) =0; 

(2) a-Ri7.i:P-Ri7-2 where Rn-i is: 

(a) -H, 

(b) -CsC-H, 
25 (c)-C^. 

(d) --CsC-CH2'0-Ri7.i-i where R17-1-1 is selected fix>m the 

group consisting of 

(i) -H, 

(ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

30 andareC|-C4alkyl, 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyl, 
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(e) -CSC-CH2-CKHYDROXY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 
(O^H2-CH2<:H2-OH, 

(g) -CH2-CH2-CH2-CMHYDROXY PROTECTING GROUP) 
5 where HYDROXY PROTECTING GROUP is as defined above. 

(h) -CH2-CH2-CO-O " and where R17.2 is -OH; 

(3) a-R)7-3:p-Ri7-4 where R17.3 is -OH and where R17-4 is: 

(a) -C0-CH3, 

(b) ^0-CH2-0H, 

10 (c) -^0-CH2-O.CO-{CH2)o.3-CH3; 

(4) a-R|7.5:P-Ri7-6 where Rn-s and Rn^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at Rp^ in the ^-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

15 (5) a-Ri7.7:P-Ri7-8 where R17.7 and Rp-g are taken with the attached 

carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the ^-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond fix)m the oxygen (-0) 
20 is one of the four bonds at C-1 7 in the p-configuration and the bond fit)m the 

methylene group (CH2 ) is another of the four bonds at C-1 7 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R17.9 is -H or d- 
C3alkyi; 

(7) a-R|7.i I :p-Ri7.i2 where Rn.io is -<GH2)i.2-CH=CH2 and R17.12 is 
25 -OH to greater than 99.5% isomeric purity, which comprises: 

(1) crystallizing 7a-substituted steroid (II) which contains greater than 5% of 
7p-isomer fix>m a solvent selected from the group consisting of ethyl acetate, propyl 
acetate and butyl acetate. 

30 144. A process for producing a 7a-substituted steroid of fomiula (II) according to 
claim 143 where the 7a-substituted steroid (II) is obtained in greater than 99.8% 
isomeric purity. 
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145. A process for producing a 7a-substituted steroid of formula (11) according to 
claim 143 where the solvent is propyl acetate. 

5 146. A process for the preparation of a cis-enedione of formula (m-cu) 




(lll<ts) 



where 

(I) Ry is = O; R4 is R4.i:R4.2 where one of R4-1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the caibon 
10 atoms to which they are attached; R6 is -H:-H; 

(m) R3 is a-R3.5:p-R3^ where R3.5 is -O-R31 and Rj^ is -O-R32 where R31 and 
R32 are the same or different and are selected fix>m the group consisting of 

C1-C3 alkyland 

R3] and R32 are taken with the attached -O-C-O- to form a cyclic ketal of S or 
1 5 6 atoms of the formula 

-(CH2HCR33R34)n|-(CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
-H>H; R6 is R^srR^^ where one of R6.3 and R^ is taken together with R5 to form a 
20 second bond between the caibon atoms to which they are attached and the other of R^. 
5 and R6-6 is -H; 

(IV) R3 is a-R3.7:P-R3-8 where R3.7 is -O-R31 and R3^ is -O-R32 where R31 and 
R32 are as defmed above; R4 is R4.7:R4^ where one of R4.7 and R4^ is taken together 
with Rs to form a second bond between the carbon atoms to which they are attached 
25 and the other of R4.7 and R44 is -H; R6 is -H>H; 
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where R9 is: 
0)-H. 

(2) -OH, 

(3) -CMHYDROXY PROTECTING GROUP) where HYDROXY 
S PROTECTING GROUP is selected from the group consisting of: 

.Si(-CH3)3, 

-Si(-CH2-CHj)3. 

-CO-CH3, 

-CO-Hand 

10 -SiH(CH3)2, 

(4) -F; 
wheieRii is: 

(1) =o. 

(2) -H:-H, 

15 (3) a-RiM:p-Rii.2 where Rii.i is: 

(a) -H, 

(b) -O-R) 1.3 where Ri 1.3 is: 

(i) -H. 

(ii) a HYDROXY PROTECTING GROUP where 
20 HYDROXY PROTECTING GROUP is as defined above, 

and where R] 1.2 is: 

(a) -H, 

(b) -O-Ri M where Ri m is: 

(O-H. 

25 (ii) a HYDROXY PROTECTING GROUP where 

HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of R| m and R| 1.2 must be -H, 

(4) R| |.s:Ri 1^ where one of R| t.s or R| ^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of R||.s or Rn^ is 

30 -H, 

(5) a-Rii.T:P-Rii4 where Rn.? and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and R| is -H; 
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where R17 is: 

(1) =0; 

(2) a-R|7.i:p-Ri7.2 where R17.1 is: 

(a)-H, 

5 (b)-<>C-H, 

(c) -C5N. 

(d) -<:^C-CH2-0-R]7.|.i where R17.1.1 is selected fiom the 

group consisting of 

(i)-H. 

10 (ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

and are C]-C4 alk^, 

(iii) 1-ethoxyethyU 

(iv) 2-tetrahydropyranyl, 

(e) -<M:-CHrO-(HYDROXY PROTECTING GROUP) where 
1 5 HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ' and where R17.2 is -OH; 
20 (3) a-Ri7>3:^Ri7-4 where Rt7-:3 is -OH and where Rn^ is: 

(a) -CO-CH3, 

(b) -C0-CH2-0H, 

(c) -CO-CH2-0-Ca(CH2)o.3-CH3; 

(4) a-Ri7.s:P*Ri7^ where Rn.sand R^^ are taken with the attached 
25 carbon atom to form a three member epoxide containing -O-CH2- where the 

attachment of the -O is at Rn^ in the p-orientation and the attachment of the CH2- is 
at R17.S in the a-orientation; 

(5) a-Ri7.7:p-Ri7.8 where Rp.? and R|7^ are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

30 attachment of the CH2- is at Rn.? in the a-orientation and the attachment of the -O is 
at Ri7^ in the ^-orientation; 
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(6) -O-CH(0Ri7.9>CH2-CH2 where the bond from the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R17.9 is -H or Cr 

S C3 alkyl; 

(7) a-Ri7.ii:p-Ri7.i2 where R17.10 is -(CH2)i.2-CH=CH2 and R17.12 is 

-OH; 

where Rb is selected from the group consisting of 
-H, 

10 CrC4 alkyl or 

phenyl optionally substituted with 1 or 2 
CJ-C4 alkyl, 
C1-C4 alkoxy, 
where Rc is selected from the group consisting of: 
15 -H, 

CrC4 alkyl, 
C1-C4 alkoxy, 

-0-Si(R)3 where the R*s are the same or different and are -H, 
CrC4 alkyl, -9, CrC4 alkoxy and -OH, 
20 -F, <:i, -Br, -I, 

-CO.OCH3 and 

-CORc-i where Rc.i is CrC4 alkyl or -np; 
where R<i is selected from the group consisting of 
-H, 

25 -ON, 

Ci-Cio alkyl; 
CrC4 alkoxy; 

.CH2-OR<n where R<i.i is -H or C1-C4 alkyl, 

-CH2-N(R<s^)2 where the two Rd^ are the same or different and 

30 are: 

C1-C4 alkyl. 
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-CO-Rd^ where R<|^ is C1-C4 alkyl or np, 
-CH2-0-C0-Rd.i where R<s.i is as defined above, 
-CH(0R<i.|)2 where R^-i is as defined above and where the two 
Rd.1 taken together are: 
5 ^H2-CH2-, 

-CH2-CH2-CH2-, 
-CH2-C(CH3-)2-CH2-. 
-CH(-0-C0-R<|.i)2 where R<n is as defined above, 
-Si(R)3 where R is as defined above, 
10 -0-Si(R)3 where R is as defined above, 

-Sn(Rb.i)3 where R*,.) is as defined above, 
-S-R<i-5 where R<j.5 is C1-C4 alkyl or -9, 
-N(R<i-6)2 where R<w is as defined above, 
where Rc and R<i taken together with the atoms to which they are attached to form 

El 




El 

15 

where £1 are the same or different and are: 
-H, 

CrC4 alkyl, 
-F,^l..Br,-I, 
20 -OEi-i where Em is: 

-H. 

C1-C4 alkyl, 
-9 or 

-SiEi^EioEM where E1.2, E1.3 and Em are die same or 
25 different and are C1-C4 alkyl or C1-C4 alkoxy, 

-S-E1.5 where E1.5 is C1-C4 alkyl or Hp, 

-S-(0)|.2-E|.5 where E|.s is as defined above, 

-N(R4i4)2 where the two R<m are the same or different and are 

as defined above, 
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-P(0)(OE|.|)2 where E|.| is as defined above, 
•Si(R)3 where R is as defined above; which comprises: 
(I) contacting a 7a-substituted steroid of formula (II) 




where R3, R4, R5, R6» R9, Ri 1 and Rn are as defined above; 
where R7.1 is a molecular fragment of the formula (-A1) 



XT' 
Ah. 




(-A1) 



T\ (•A2) 



or of the formula (-A2) 



Rr\/ Rd 

10 where Xi is: 

-S-, 
-O-or 

-NX|.r and where Xm is: 
-H, 

15 Ci-Qalkyl, 

•CO-OXm where X1.2 is C1-C4 alkyl or-CH2-9, 
-CO-Xi^ where X].2 is as defined above, 

where -9 is substituted in the o-position with 

-CO-CHCrC4 alkyl), 
20 -S02-(Ci-C3 alkyl), 

-SO2-9 where 9 is optionally substituted with 1 or 2 
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CrC4alkyl. 
C1-C4 alkoxy; 
where R^, Rc and Rd are as defined above; 

-CEfM (-B) 
5 where E| is selected from the group consisting of: 

-H, 

CrC4alkyl, 
.F,^l,-Br.-I. 
-OEi.i where Em is: 
10 -H, 

C1-C4 alkyl, 
-9 or 

-SiE1.2E1.3EM where Ei.2,E].3 andEM are the same or 
different and are CrC4 alkyl or C1-C4 alkoxy, 
15 -S-Ei,5 where E1.5 is CrC4 alkyl or -9, 

-S-(0)!.2-E|.5 where E1.5 is as defined above, 

-N(Rd^)2 where the two Rd^ are the same or different and are 

as defined above, 

-P(0X0-Ei.i)2 where Em is as defined above, 
20 'Si(R)3 where R is as defined above; 

where M is: 

(1) =o, 

(2) =N-E2 where E2 is selected from the group consisting of: 

-H 

25 CrC4 alkyl, 

C1-C4 alkenyl containing 1 or 2 double bonds, 
C1-C4 alkynyl containing 1 triple bond, 
-CO-OE2-1 where E2.1 is -H or C1-C4 alkyl, 
-C(E2.i)2-OE2.2 where E2.1 are the same or different and are as 
30 defined above and where E2.2 is 

CrC4 alkyl, 
-<por 
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are defined above. 



-Si(R)3 where the three R are the same or different and 

-OE2.2 where E2-2 is as defined above, 

-S-E20 where E2.3 is CrC4 alkyl or -9, 

-S-(0)i.2-E2.3 where E2.3 is as defined above, 

-N(R<|^)2 where the two Rd6 are the same or different and are as 



defined above; 



-Si(R)3 where the three Rare as defined above; 
(3) =€(£2)2 where the E2 are the same or different and are as defined 

10 above, 

where El and E2 are taken together with the atoms to which they are attached 
to form a ring of 5 thru 7 members, optionally containing 3 thru S 

-S-, 

15 -N=, 

-NXi.i- where Xm is as defined above, 
-CE2= where E2 is as defined above, 

-C(Rb)2- where Rb is as defined above, and optionally containing 1 or 2 
additional double bonds; 
20 -C^-E2 (-C) 

where E2 is as defmed above; 

•CH2-CH=CH2 (-D1) 
.CH=C=CH2 (-D2) 
-CH2-OC.H (-D3) 
25 with an agent selected fiiom the group consisting of: 

(a) a halogenating agent in the presence of water and a base whose conjugate 
acid has a pKe of > about 8, 

(b) an oxygen donating agent, 

(c) electrochemical oxidation, 

30 (d) a quinone in the presence of water or 

(e) nonquinone oxidants. 
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147. A process for the preparation of a m-enedione (m-cis) according to claim 146 
where R3, R4, R5 and R« are selected bom the group consisting of: 

(I) Ra is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
5 atoms to which they are attached; R6 is -H>H; 

(in) R3 is a-R3-5:P-R3^ where Ky^ is -O-R31 and Rj^ is -O-R32 where R31 and 
R32 are taken with the attached -0-C-O to form a cyclic ketal of 5 atoms of the 
formula -(CH2HCR33R34)ni-(CH2>- where ni is 0; R4 is -H:-H; R^ is R6.5:R6< where 
one of R^5 and R^ is taken together with R5 to form a second bond between the 
10 caibon atoms to which they are attached and the other of R^5 and R^^ is -H; 

(m) R3 is a-R3.3:P-R3-6 where R3.5 is -O-R31 and R3-6 is -O-R32 where R31 and 
R32 are taken with the attached -0-C-O- to form a cyclic ketal of 6 atoms of die 
formula -(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both C| alkyl; 
R4 is -H>H; R^ is R6-3:R6-6 where one of R«.s and R^ is taken together with Rs to 
1 5 form a second bond between the carbon atoms to which they are attached and the 
other of R^5 and R^ is -H. 

148. A process for the preparation of a cu-enedione (III-cw) according to claim 147 
where R3, R4, R5 and R^ are: 

20 (I) R3 is = O; R4 is R4-1 :R4-2 where one of R4.1 and R4.2 is ~H and the other of 

R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 
atoms to which they are attached; Ra is -H:-H. 

149. A process for the preparation of a c£s-enedione (Ol-cis) according to claim 146 
25 where R9 and R] I are: 

(a) R| I is Ri |.s:R| where one of Ri i.s or R| 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of R] 1.5 or Ru^ is -H; 

(b) a-Ri i.7:P-Ri 1^ where R| 1.7 and R9 are taken together with -O to form an 
epoxide between C-9 and C-1 1 and R] 1^ is -H, 

30 (c) R9 is -H and R| 1 is a-Ri i.i :p-Ri 1.2 where R| |.| is -0-R| 1.3 where R| 1.3 is 

-H^ and where Ri 1.2 is -H. 
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150. A process for the preparation of a cu-oiedione (III-c£r) according to claim 149 
where R9 and Ri 1 are: 

(a) R| I is R] ustRi 1^ where one of Ri 1.3 or R| 1^ and R9 axe taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of Ri i.$ or R| is -H. 

5 

1 5 1 . A process for the preparation of a cu-enedione (Ol-cis) according to claim 146 

where Rn is selected from the group consisting of: 

(a) a-Rn.T^P-Ri?^ where Rp^vand Rn^ are taken with the attached carbon 
10 atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation. 

(b) =0; 

(c) a-Ri7.i:^Ri7.2 where Rn-i is -CsC-H and where R17.2 is -OH; 
15 (d)-CsC-CH2-0-Ri7.|.i. 

152. A process for the preparation of a w-enedione (ID-ctr) according to claim 151 
where Rn is: 

(a) a-Ri7.7:^Ri7-8 where R17.7 and R17.8 are taken with the attached caibon 
20 atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|74 in the ^-orientation. 

153. A process for the preparation of a c£s-enedione (IJl-cis) according to claim 146 
25 where R7.1 is fiiran-2-yl and 5-methylfuFan-2-yl. 

154. A process for the preparation of a cts-enedione (m-cu) according to claim 153 
where R7.1 is S-methylfuran-2-yl. 

30 155. A process for the preparation of a cu-enedione (JUrcis) according to claim 146 
where Rb and Rc are-H. 
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156. A process for the preparation of a m-enedione (JU-cis) according to claim 146 
where is Ci alk^. 

157. A process for the preparation of a ctf-enedione (Ill-cif) according to claim 146 
S where the oxygen donating agent is selected from the group consisting of: 

aperacid, 

singlet oxygen followed by either phosphite or thiourea, 
triplet oxygen, 

hydrogen peroxide with a ketone selected from the group consisting of Q4-CO- 
10 Q5 where Q4 and Q5 are the same or different and are 

C1-C4 alkyl optionally substituted with 1 thru 9 -CI or -F, and where 

the 

Q4 and Q5 are taken together with the attached carbon atom to form a 
cyclic ketone of S thru 7 members and ketones of the formula: 




20 hydrogen peroxide in combination widi methyltrioxorhenium, 

trichloroacetonitrile/hydrogen peroxide, 
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trichloroacetamide/hydrogea peroxide, 

DDQ/water, 

p-chloranilAvater, 

q>-C(CH3)2*0-OH or an alk^ydroperoxide in combination with a metal 
5 containing activator, where alkyl is from C4-C]o alkyl and metal containing activator 
is selected from the group consisting of Ti(isopropoxide)4> peroxotungstophosphate, 
VO(acetylacetonate)2 and MO hexacaibonyi. 

158. A process for the preparation of a w-enedione (JUrcis) according to claim 157 
1 0 where the oxygen donating agent is a peracid 

159. A process for the preparation of a cis-enedione (Ul-ctr) according to claim 158 
where the peracid is selected from the group consisting of: 

(a) perbenzoic acid optionally substituted with 1 or 2 -CI or -NCh, 
15 (b) percaiboxylic acids of the formula Cn2(Q6)2ii2+i-C03H where di is 1 thru 4 

andQeis-H, -Clor-F, 

(c) peiphthalic acid and 

(d) magnesium peroxyphthalate. 

20 160. A process for the preparation of a CL^-enedione (TUrcis) according to claim 146 
where the halogenating agent is selected from the group consisting of: 

dibromodimethylhydantoin, 

dichlorodimethylhydantoin, 

diiododimethylhydantoin, 
25 N-chlorosuccinamide, 

N-bromosuccinamide, 

N-iodosuccinamide, 

trichloroisocyanuric acid, 

/-butylhypochlorite, 
30 3-bromo-l -chloro-5,5-diinethylhydantoin. 
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161. A process for the preparation of a cis-enedione (JH-cis) according to claim 160 
where the halogenating agent is dibromodimethylhydantoin. 

162. A process for the preparation of a cir-enedione (JH-cis) according to claim 146 
S where at least one equivalent of the halogenating agent is used. 

163. A process for the preparation of a ctf-enedione (m-^is) according to claim 162 
where from about 1.0 to about l.OS equivalents of the halogenating agent are used. 

10 164. A process for the preparation of a c£r-enedione (Ul-cis) according to claim 146 
where the base is selected from the group consisting of acetate, bicarbonate, 
caibonate, propionate, benzoate, dibasic phosphate and borate. 

165. A process for the preparation of a c£^-enedione (nL<:is) according to claim 164 
1 5 where the base is acetate. 

166. A process for the preparation of a cisr-enedione (JU-cis) according to claim 146 
where the quinone is selected from the group consisting of DDQ, p-chloranil and a- 
chloranil. 

20 

167. A process for the preparation of a cir-enedione (Dl-cur) according to claim 166 
where the quinone is /^^hloranil. 

168. A process for the preparation of a cis-enedione (Ul'Cis) according to claim 146 
25 where the nonquinone oxidant is selected from the group consisting of Mn"^^, Mn*^^, 

Pb^, Pd"*^^, Ru*®, Cr^, eerie ammonium nitrate, iodosobenzene, 
iodobenzenebistrifluoroacetate, iodobenzenediacetate, trityifluoroborate. 

169. A process for the preparation of a cu-enedione (JH-cis) according to claim 146 
30 where the m-enedione (III-cxj) is: 

1 7P-hydroxy-7a-(m-l \4'-dioxopent-2*-en-l •yl)pregna-4,9(l l)-dien-3-one- 
2 1 -carboxylic acid, y-lactone. 
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170. A process for the preparation of a isrons-enedione of formula (JUrtrans) 




(tll4Fans) 



where 

5 (I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is and the other of 

R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 
atoms to which they are attached; R« is -H:-H; 

(m) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and R3-6 is --O-R32 where R31 and 
R32 are the same or different and are selected from the group consisting of 
10 CrC3 alkyl and 

R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal of 5 or 
6 atoms of the formula 

KCH2HCR33R34)«|-(CH2> 

where ni is 0 or 1; 

15 where R33 and R34 are the same or different and are -H and C^Cy alkyl; R4 is 

-H:-H; R« is R6.5:R6^ where one of R6.5 and R6^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R^5 and R^-e is -H; 

(IV) R3 is a-R3-7:p-R3-8 where R3-7 is -O-R31 and R3-8 is -O-R32 where R31 and 
20 R32 are as defmed above; R4 is R4.7:R4.8 where one of R4.7 and R4^ is taken together 
with Rs to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R44 is -H; R^ is -H>H; 
where R9 is: 
(l)-H, 

25 (2) -OH, 
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(3) -CKHYDROXY PROTECTING GROUP) wbcre HYDROXY 
PROTECTING GROUP is selected from the group consisting of: 

-Si(-CH3)3. 

-Si(-CH2-CH,),, 
5 -CO-CH3, 

-co-Hand 
-SiH(CH3)2, 

(4) -F; 
>^eieR|i is: 

10 (1)=0. 

(2) -H:-H, 

(3) 0(-R||.i:P-R||.2 where Rim is: 

(a) -H, 

(b) -0-Ri 1.3 where Rj 1.3 is: 
15 (i)-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
andwhaeR||.2is: 

(a)-H, 

20 (b) -O-Ri M where R| m is: 

(i) -H. 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

widi the proviso that one of R||.| and R11.2 must be -H, 
2S (4) R| |.s:Ri 14 where one of R| 1.5 or Ri 14 and R9 are taken together 

widi R9 to fatm a second bond between C-9 and C-1 1 and die other of Ri |.s or R| 14 is 
-H, 

(5) a-Ri i.7:P-Ri 14 where R| 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Rn^ is -H; 

30 where Ri 7 is: 

(1) =0: 

(2) arR|7.i:P-R|7.2 where R17.1 is: 
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(a) -H. 

(b) -CfeC.H. 

(c) -teN. 

(d) -OC-CH2-0-Ri7.i-i where Rit-m is selected fiom the 

5 group consisting of 

(i) -H, 

(ii) -Si(Rt7.i^)3 where R17.1-2 are the sfline or dififerent 

and are C1-C4 alkyl» 

(iii) 1-ethoxyethyl, 

10 (iv) 2-tetrahydropyranyU 

(e) ^feC-CH2-0-(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) -CH2-CHrCH2-a<H YDROXY PROTECTING GROUP) 
1 5 where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CHrC0-0 " and where R17.2 is -OH; 

(3) a-R|7.3:P-Ri7^ where R17-3 is -OH and where R17-4 is: 

(a) -C0-CH3, 

(b) -C0-CH2-0H, 

20 (c) -CO-CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7.5:P-Ri7^ where Rn-s and Rn^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at Rn^ in the p-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

25 (S) a-Ri7.7:p-Ri74 where R17.7 and Rn^ are taken with the attached 

carbon atom to foim a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri74 in the p-orientation; 

(6)-0-CH(ORi7-9)-CH2-CH2 where the bond fiom the oxygen (-0) 

30 is one of the four bonds at C- 1 7 in the ^-configuration and the bond from the 

methylene group (CH2*"**) is another of the four bonds at C-17 in the a-configuiation 
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to form a 5 member heterocycle containing one oxygen atom» where R17.9 is -H or Cp 
C^alkyl; 

(7) a-Ri7-n:P-Ri7-i2 where R17.10 is -(CH2)|.2-CH=CH2 and R17-12 is 

"OH; 

S where Rb is selected from the group consisting of 

-H, 

CrC4alkylor 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 

10 C1-C4 alkoxy, 

where Rc is selected from the group consisting of: 
-H, 

CrC4 alkyl, 
C1-C4 alkoxy, 

IS -0-Si(R)3 where the R*s are the same or different and are -H, 

C1-C4 alkyU -9, C1-C4 alkoxy and -OH, 
.F,^l,.Br,-I, 
-CO-OCHjand 

-CO-Rc-i where Rc.| is C1-C4 alkyl or -9; 
20 where Rd is selected from the group consisting of 

-H, 
-C=N, 

Ci-Cio alkyl; 
C1-C4 alkoxy; 

25 -CH2-0Rd.i where R<i,i is -H or C1-C4 alkyl, 

-CH2-N(R<i4)2 where the two Rd-6 are the same or different and 

are: 

C1-C4 alkyl, 

30 -C0-R<^6a where R<wa is C1-C4 alkyl or 

•CH2-0-C0-Rd.i where V^i is as defined above, 
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-CH(0Rd-i)2 where R<|.| is as defined above and where the two 
R(i.i taken together are: 

-CH2-CH2-, 

-CHa-CHrCHr, 

-CH2-C(CH3-)2-CH2-, 
-CH(-0-C0-Rd.i)2 where R<|.i is as defined above, 
-Si(R)3 where R is as defined above, 
•0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where Rb-i is as defined above, 
-S-Rd.5 where R<|.5 is C1-C4 alkyl or -<p, 
-N(R4i4)2 where R^^ is as defined above, 
where Rc and Rd taken together with the atoms to which they are attached to form 




El 

where Et are the same or different and are: 
■H, 

CrC4 alkyl, 
-F, -CI, -Br, -I, 
-OEm where Em is: 
-H, 

C1-C4 alkyl, 
-9 or 

-SiE1.2E1.3EM where E1.2, E1.3 and Em are the same or 
different and are CrC4 alkyl or C1-C4 alkoxy, 

-S-E1.5 where E1.5 is CrC4 alkyl or -q), 

-S-(0)|.2-Ei.5 where E1.5 is as defined above, 

-N(Rd^)2 where the two are the same or different and are 

as defined above, 

-P(0X0-Ei.|)2 where Em is as defined above, 
-Si(R)3 where R is as defined above; which comprises: 
.259- 
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(1) contacting a cts-enedione of fonnula (DI-cu) 




(llt-cis) 



where R3, R4, Rs, R6» R9, Ri 1, Ri7» Rb» Rc and Rd are as defined above with an 
isomerization catalyst selected from the group consisting of: 
S (a) a strong acid of pKa of < about 2; 

(b) a tertiaiy amine whose conjugate acid has a pKa > about 8 and 

(c) salt of a tertiary amine whose conjugate acid has a pKa > about 8, 

(d) l2, 

(e) (C,<:4)3P, 
10 (f)<P3P. 

(g) heating to about 80^ 



1 7 1 . A process for the preparation of a /^^an^-enedione (JBrtrafts) according to claim 

170 where R3, R4, Rs and Re are selected from the group consisting of: 
15 (I) R3 is = O; R4 is R4.|:R4.2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 

atoms to which they are attached; R^ is -H:-H; 

(HI) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and Rs^ is -O-R32 where R31 and 

R32 are taken with the attached -O-C-O- to form a cyclic ketal of 5 atoms of the 
20 formula -(CH2HCR33R34)nKCH2)- where ni is 0; R4 is -H:-H; is R^s^R^^ where 

one of Re-s and R6-6 is taken together with R5 to form a second bond between the 

carbon atoms to which they are attached and the other of R^-s and is -H; 

(in) R3 is a-R3-5:P-R3-6 where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 

R32 are taken with the attached -O-C-O- to form a cyclic ketal of 6 atoms of the 
25 formula -(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both C] alkyl; 
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R4 is -H:-H; is R6.s:Rv6 where one of Ra-s and is taken together with Rs to 
form a second bond between the carbon atoms to which they are attached and the 
other of R6.S and is -H. 

5 1 72. A process for the preparation of a irons-enedione (Hl'trans) according to claim 
171 where R3, R4, R$ and R6 are: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the caibon 
atoms to which they are attached; R6 is -H:-H. 

10 

173. A process for the preparation of a trans-enediotie Qll'trans) according to claim 
170 where R9 and Rn are: 

(a) R| I is Ri |.s:Ri 1-6 where one of Ri 1.5 or Ri 1^ and R9 are taken together with 
R9 to form a second bond between C*9 and C- 1 1 and the other of Rt 1 .5 or R] 1^ is -H; 
1 S (b) a-Ri i.7:P-Ri i-« where R| 1.7 and R9 are taken together with -O- to form an 

epoxide l)ptween C-9 and C-1 1 and Ru^ is -H, 

(c) R9 is -H and R| 1 is a-Ri m :P-Ri 1-2 where Ri m is -0-R| 1.3 where R| 1.3 is 
-H, and where Ri 1.2 is -H. 

20 174. A process for the preparation of a l^anr-enedione (JH-trans) according to claim 

173 where R9 and R| 1 are: 

(a) R| I is R| i.siRi 1^ where one of Ri 1.5 or R| 1.6 and R9 are taken together with 

R9 to form a second bond between C-9 and C-1 1 and other of R| 1.5 or Ri 1^ is -H. 

175. A process for the preparation of a l^anr-enedione (jn-trans) according to claim 
25 170 where Ri? is selected from the group consisting of: 

(a) a-Ri7.7:P*Ri74 where Rn.7 and Rp^ are taken with the attached carbon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

at Ri7^ in the P-orientation. 
30 (b)=0; 

(c) a-Ri7.i:p-Ri7.2 where R17.1 is -teC-H and where Rn-a is -OH; 

(d) -<:sC-CH2-0-Ri7.M. 



-261- 



WO03/08289S 



PCTAJS03/07793 



176. A process for the preparation of a froraf-enedione (Bl'trans) according to claim 
175 where Ri? is: 

(a) a-Ri7.7:P-Ri74 where R17.7 and Rn^ are taken with the attached caibon 
5 atom to form a five member lactone containing -0-CO-CH2-CHr where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the p-orientation. 

177. A process for the preparation of a ^^-enedione (Ul-trans) according to claim 
10 170 where Rb and Rc are -H. 

178. A process for the preparation of a ^ony-enedione (IBrtrans) according to claim 
170 where R<| is C] alkyl. 

IS 1 79. A process for the preparation of a /ran^-enedione QBrtrans) according to claim 
1 70 where the isomerization catalyst is a strong acid. 

1 80. A process for the preparation of a /ranf-enedione QH-trans) accorduig to claim 

179 where the strong acid is selected fit>m the group consisting of hydrochloric acid, 
20 hydrobromic acid, hydroiodoic acid, hydrofluoroic acid, sulfuric acid, phosphoric 

acid, nitric acid, trichloroacetic acid and trifluoroacetic acid. 

1 8 1 . A process for the preparation of a l>Yrns-enedione (JH-trans) according to claim 

180 where the strong acid is hydrochloric acid. 

25 

182. A process for the preparation of a l^'onj-enedione (JUrtrans) according to claim 
170 where the tertiary amine is selected fiom the group consistmg of (Q3)3N were Qa 
is C1-C3 alkyl, DBU, DBN, DABCO, pyridine, /nlimethylaminopyridine and 
pyrrolidin^pyridine. 

30 

183. A process for die preparation of a /raiu-enedione (Ul'trans) according to claim 
182 where the tertiary amine is pyridine hydrochloride. 
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184. A process for the prq>aration of a irans-medione (TSL-trans) according to claim 
170 where the /ran^-enedione (Ul'trans) is: 

1 7P-hydroxy-7a-(/>'oiu- 1 \4'-dioxopent-2*-en- 1 *yl)pregiia-4,9( 1 1 )-dicn-3-one- 
S 2 1 -carboxylic acid, y-lactone. 

1 85. A process for the preparation of a hydroxy compound of formula (IV-OH) 



(IV-OH) 




or a hydroperoxy compound of formula (IV-OOH) 



(IV-OOH) 




or a biscaibonyl compound of formula (V) 
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or a caiboxylic add of formula (VI) 




""CO— OH 



(VI) 



or a mixture thereof^ where 

(I) R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the bther of 
5 R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R6 is -H>H; 

(m) Ra is a-R3.5:P-R3^ where R3.5 is -O-R31 and Rj^ is -O-R32 where Rai and 
R32 are the same or different and are selected from the group consisting of 

CrC3 alkyi and 

10 Rai and R32 are taken with the attached -O-C-0- to form a cyclic ketal of 5 or 

6 atoms of the formula 



15 -H:-H; R6 is R6.s:R64 where one of R6.s and R^ is taken together with Rs to form a 
second bond between the carbon atoms to which they are attached and the other of 
R6.5 and R^^ is -H; 

(IV) Ra is a-R3.7:P*R34 where R3.7 is -O-R31 and is -O-R32 where R31 and 
R32 are as defined above; R4 is R4.7:R44 where one of R«.7 and lU^ is taken together 
20 with Rs to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R4^ is -H; is -H:-H; 

where R7.2 is -H and C1-C4 alkyl optionally substituted with one or two 



-(CH2HCR33R34)nI-(CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are -H and CpCs alkyl; R4 is 



-OH, 



25 



where R9 is: 

(1) -H. 

(2) -OH. 
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(3) -O-CHYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consisting of: 

-Si(-CH2^H3)3, 
5 -CO-CH3, 

-CO-H and 
-SiH(CH3)2, 

(4) -F; 
where Rn is: 

10 (i)=o, 

(2) -H:.H. 

(3) a-Rii.i:P-Rii.2 where Rim is: 

(a) -H, 

(b) -0-R| 1.3 where R| 1.3 is: 
15 (i)-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where Rn-iis: 

(a)-H, 

20 (b) -0-R| M where R| m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of R] |.i and Rt 1.2 must be -H, 
25 (4) R| LsrRi 1^ where one of Ri 1.5 or Ri 1^ and R9 are taken together 

with R9 to form a second bond between C-9 and C-1 1 and the other of R] 1.5 or R| 1^ is 
-H, (S) o-Ri i.7:P-Ri 14 where Ri 1.7 and R9 are taken together with -O- to 

form an epoxide between C-9 and C-1 1 and Rn^ is -H; 
where R|7 is: 
30 (1)=0; 

(2) a-Ri7.i:p-Ri7-2 where R17.1 is: 
(a)-H. 
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(b)-feC.H, 

(d) -<^-CH2-0-Ri7-|.| where Rn-i-i is selected from the 

group consisting of 
5 (i)-H, 

(ii) -Si(Ri7.|.2)3 where Ri7.t.2 are the same or dififerent 

and are C1-C4 alk)d, 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyl, 

10 (e) -feC-CH2-0-(HYDR0XY PROTECTING GROUP) where 

HYDROXY PROTECTING GROUP is as defined above, 

(f) ^H2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

15 (h) -CH2-CH2-CO-O " and where R17.2 is ^H; 

(3) a-Ri7.3:p-Ri7-4 where R17-3 is -OH and where R|7^ is: 

(a) ^0-CH3, 

(b) -CO-CH2-OH, 

(c) -CO-CH2-0^0-(CH2)o.3-CH3; 

20 (4) a-R]7.5:^Ri7-6 where R17.5 and R17-6 are taken with the attached 

carbon atom to form a three member epoxide containing -O-CHr where the 
attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2- is 
at R]7.5 in the a-orientation; 

(5) a-Ri7.7:P-Ri7^ where Ri7.7and Rn^ are taken with the attached 
25 carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a*orientation and the attachment of the -O is 
at R|7^ in the ^-orientation; 

(6) -0-CH(ORi7-9)-CH2-CH2 where the bond fit>m the oxygen (-0) 
is one of the four bonds at C-17 in the P-configuration and the bond fix>m the 

30 methylene group (CH2""') is another of the four bonds at C-17 in the a-configuration 
to form a 5 member heterocycle containing one oxygen atom, where Rn^ is -H or C|- 
C3alkyl; 
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(7) o-Ri7.ii:P-Ri7.i2 where R17.10 is -(CH2)i-2-CH=CH2 and R17-12 is 



-OH; 



where Rb is selected from the group consisting of 

S C1-C4 all^l or 

phenyl optionally substituted with 1 or 2 
Ci-Qalk)^, 
CrC4 alkox^ 

which comprises: 
10 ( 1 ) contacting a c£r-enedione of the formula (JH-cis) 




\ 



CO Rtf 



(lll-cis) 



or a /^anr-enedione of the formula {JSSrtrcais) 




(IIMrans) 



15 or a mixture thereof, 

where R3, R4, R5, R9, Rn, Rn and Rb are as defined above; 
where Rc is selected from the group consisting of: 
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-H, 

C1-C4 alkyl, 
C1-C4 alkoxy, 

-0-Si(R)3 where the R*s are the same or different and are -H, C1-C4 
5 alkyl, -<p, Cx-Ca alkoxy and -OH» 
-F, -CI, -Br. -I, 
-COOCHaand 

-CO-Rc-i where Rc.i is C1-C4 alky] or -Hp; 
where Rd is selected fiom the group consisting of 
10 -H, 

-C^N, 

Ct-Cio alkyl; 
C)-C4 alkoxy; 

-CHrOR<n where Rd-i is -H or C1-C4 alkyl, 
1 s -CH2-N(R<|^)2 where the two Rd^ are the same or different and are: 

C]-C4 alkyl, 

-CO-Rd^ where R<|^ is C1-C4 alkyl or -9, 
-CH2-0-C0-Rd.i where R<i.i is as defined above, 
20 -CH(0Rd.i)2 where Rd-i is as defined above and where the two Rd-i 

taken together are: 

-CH2-CH2-, 
.CH2-CH2-CH2-, 
^HrC(CH3-)2-CH2-, 
25 -CH(-0-CO-Rd.|)2 where lUi is as defined above, 

-Si(R)3 where R is as defmed above, 
-0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where Rb-i is as defined above, 
-S-Rd.s where Rd-5 is C1-C4 alkyl or np, 
30 -N(Rd4)2 where R44 is as defmed above. 
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10 



IS 



20 



where Rc and R<| taken together with the atoms to which they are attached to form 



-H, 

C|-C4alkyl, 
-F, -CI, -Br. -I, 
-OEm where E|.i is: 
-H. 

C1-C4 alkyl. 



-Si£u2£].3EM where £|.2>E|.3 and Em are the same or different 
and are C1-C4 alkyl or CrC4 alkoxy, 



-S-E1.5 where E1.5 is C1-C4 alkyl or Hp, 

-S-(0)i.2-Ei.5 where E1.5 is as defined above, 

-N(R<|^)2 where the two Rm are the same or different and are as 



defined above, 

-P(0)(C)-E|.|)2 where Em is as defined above, 
-Si(R)3 where R is as defined above, with ozone in the pres^ce of an 
alcohol of the formula R7.2-OH where R7.2 is as defined above. 

186. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 185 where the product is the hydroxy 
compound (IV-OH). 

187. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy corapoimd (IV-OOH), or a biscaibonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 1 85 where the product is the 
hydroperoxy compound (IV-OOH). 




where Ei are the same or different and are: 
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188. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH)» or a biscarbonyl compound (V), or a caiboxylic 
acid (VI) or mixture thereof according to claim 1 85 where the product is the 

S biscarbonyl compound (V)- 

1 89. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a caiboxylic 
acid (VI) or mixture thereof according to claim 18S where the product is the 

1 0 carboxylic acid (VI). 

190. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 185 where the product is a mixture of 

15 two of the hydroxy compound (IV-OH), the hydroperoxy compound (IV-OOH), the 
biscarbonyl compound of formula (V) or the carboxylic acid (VI). 

191 . A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibonyl compound (V), or a carboxylic 

20 acid (VI) or mixture thereof according to claim 1 90 where the product is a mixture of 
the hydroxy compound (IV-OH) and the hydroperoxy compound (IV-OOH). 

192. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibonyl compound (V), or a caiboxyUc 

25 acid (VI) or mixture thereof according to claim 1 85 v^4iere the product is a mixture of 
three of the hydroxy compound (IV-OH), the hydroperoxy compound (IV-OOH), the 
biscarbonyl compound (V) or the carboxylic (VI). 

193. A process for the prq)aration of a hydroxy compound (IV-OH), or a 

30 hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a caiboxylic 
acid (VI) or mixture thereof according to claim 185 where the product is a mixture of 
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the hydroxy compound (IV-OH), the hydroperoxy compound (IV-OOH) and the 
caiboxylic acid (VI). 

194. A process for the preparation of a hydroxy compound (IV-OH), or a 
5 hydroperoxy compound (IV-OOH), or a biscaifoonyl compound (V), or a carbox^ic 
acid (VI) or mixture thereof according to claim 185 where the product is a mixture of 
all four of the hydroxy compound (IV-OH), die hydroperoxy compound (IV-OOH), 
the biscarbon^ compound (V) and the caiboxylic acid (VI). 

10 195. A process for the preparation of a hydroxy conqx>und (IV-OH), or a 

hydroperoxy compound (IV-OOH), or a biscaibonyl compound (V), or a caiboxylic 
acid (VI) or mixture thereof according to claim 185 where R3, R4> Rs and R« are 
selected from the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the other of 

1 5 R4-1 and R4.2 is taken together with R3 to forni a second bond between the caibon 
atoms to which they are attached; R6 is -H>H; 

(m) R3 is a-R3.s:P-R3.6 ^ere R3.S is -O-R31 and R3.6 is -O-Ras where R31 and 
R32 are taken with the attached -O-C-0- to form a cyclic ketal of 5 atoms of the 
formula -(CH2)*(CR33R34)ni-(CH2)- where ni is 0; R4 is -H:-H; is R^-siRe^ where 

20 one of R6.5 and R6-6 is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached and the other of R^.^ and R^^ is -H; 

(in) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and R3.6 is -O-R32 where R3i and 
R32 are taken with the attached -0-C-O- to form a cyclic ketal of 6 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both C\ alkyl; 

25 R4 is -H:-H; R6 is R6.s:R6^ where one of lU-s and lU^ is taken together with R5 to 
form a second bond between the carbon atoms to which they are attached and the 
other of R6.5 and R^^ is -H. 

196. A process for the preparation of a hydroxy compound (IV-OH), or a 
30 hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 195 where R3, R4, R5 and R^ are: 
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(I) Rj is = O; R4 is R4-i:R4-2 where one of R4-1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; is -H:-H. 



5 1 97. A process for the preparation of a hydroxy compound (IV-OH), or a 

hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 18S where R9 and R] 1 are: 

(a) R|| is R|].s:RiM where one of R||.s or Rn^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of Ri i.s or R| m is -H; 
10 (b) a-Rn.7:P-Ri 1^ where R11.7 and R9 are taken together with -O- to form an 

epoxide between C-9 and C-1 1 and Ri m is -H, 

(c) R9 is -H and Rn is a-Rii.i:P-Ri].2 where Rim is-O-Rno where Rn.3 is 
-H, and where Ri 1.2 is -H. 



IS 198. A process for the preparation of a hydroxy compound (IV-OH), or a 

hydroperoxy compound (IV-OOH)» or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 197 where R9 and R] 1 are: 

(a) Ri I is R| |.5:R| 1^ where one of R| 1.3 or R| 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of Ri 1.5 or R| is -H. 

20 199. A process for the preparation ofa hydroxy compound (IV-OH), or a 

hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 185 where R17 is selected from the 
group consisting of: 

(a) a-Ri7.7:p-Ri7-8 where Ri7.7and Rn^ are taken with the attached carbon 
25 atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|74 in the P-orientadon. 

(b) =0; 

(c) a-Ri7.i:P*Ri7-2 where Rp-i is -C^-H and where R17.2 is -OH; 
30 (d) -<>C-CH2-0-Ri7.M . 
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200. A process for the preparation of a hydroxy compound (IV -OH), or a 
hydroperoxy compound (IV-OOH)» or a biscaibonyl compound (V)i or a caiboxylic 
acid (VI) or mixture thereof according to claim 199 where Ri? is: 

(a) a-R]7-7:p-Ri7^ where Rp.? and Ri?^ are taken with the attached caii>on 
5 atom to fonn a five member lactone contaming -O-CO-CH2-CH2- where the 

attachment of the CH2- is at Rn-? in the ocrorientation and the attachment of the -O is 
at R|7^ in the ^-orientation. 

201 . A process for the preparation of a hydroxy compound (IV-OH), or a 

1 0 hydroperoxy compound (IV-CX>H)» or a biscaibonyl compound (V), or a caiboxylic 
acid (VI) or mixture thereof according to claim 1 85 where Rb and Rc are -H. 

202. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compoimd (IV-OOH), or a biscaibonyl compound (V), or a carboxylic 

1 5 acid (VI) or mixture thereof according to claim 1 85 where where Rd is C| alkyl. 

203. A hydroxy compound (IV-OH) or hydroperoxy compoimd (IV-OOH) according 
to claim 1 85 where R7.2 is -H, Ci and iso-Cs. 

20 204. A hydroxy compound (IV-OH) or hydroperoxy compound (IV-OOH) according 
to claim 203 where R7.2 is a mixture of -H, d and iso-Cj. 

20s. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibon^ compound (V), or a carboxylic 
25 acid (VI) or mixture thereof according to claim 1 85 where the temperature of the 
reaction mixture is from about -100^ to about 40^ 

206. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibonyl compound (V), or a caiboxylic 
30 acid (VI) or mixture thereof according to claim 205 where the temperature of the 
reaction mixture is from about -78^ to about -20^ 
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207. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 206 where the temperature of the 
reaction mixture is about -SO^. 

5 

208. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 205 where the cooling is maintained 
during the ozonolysis. 

10 

209. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 185 where the ozone is used as an 
ozone/oxygen mixture. 

15 

210. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibon^ compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 185 where the contacting is performed 
by reacting the cu-enedione (fUrcis) or /^'on^-enedione QUrtrans) or mixture thereof, 

20 (1 ) with the alcohol R7.2-OH, and (2) contacting the mixture of step ( 1 ) with ozone. 

2 1 1 . A process for the preparation of a hydroxy compoimd (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound (V), or a carboxylic 
acid (VI) or mixture thereof according to claim 1 85 where the products produced are: 

25 17p-hydroxy-7a-(l *-oxo-2'-isopropoxy-2'-hydroxy-ethyl)pregna-4^(l 1)- 

dien-3-one-21 -carboxylic acid, y-lactone, 

1 7p-Hydroxy-7a-(2*-oxo-acetyl)-pregna-4,9( 1 1 )-dien-3-one-2 1 -caiboxylic 
acid, Y-lactone, 

17P-hydroxypregna-4,9(l l)-dien-3-one-7a,21-dicaffooxylic acid, Y-lactone, 
30 17p-hydroxy-7a-(2'-hydroperoxy-2'-methoxyacetyl)pregna-4,9(l l)-dien-3- 

one-21 -carboxylic acid, y-lactone. 
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212. A process for the preparation of a hydroxy compound of formula (IV-OH) 




(IVOH) 



where 

5 (I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4-2 is -H and the other of 

R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 
atoms to which they are attached; Re is -H:-H; 

(IE) R3 is a-Rj-stP-Ra^ where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 
R32 are the same or different and are selected from the group consisting of 
10 C1-C3 alkyl and 

R3} and R32 are taken with the attached -0-C-O- to form a cyclic ketal of S or 
6 atoms of the formula 

-(CH2HCR33R34)«KCH2> 

where ni is Dor 1; 

1 5 where R33 and R34 are the same or dififerent and are -H and C| -C3 alkyl; R4 is 

-H:-H; R^ is R^5:R6-6 where one of R6-5 and Re^ is taken together with R3 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R6-S and is -H; 

(IV) R3 is a-R3-7:p-R3^ where R3.7 is -O-R31 and R3^ is -O-R32 where R31 and 
20 R32 ai'e as defmed above; R4 is R4.7:R4^ where one of R4.7 and R4^ is taken together 
with R5 to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R*^ is -H; R^ is -H:-H; 

where R7.2 is and C1-C4 alkyl optionally substituted with one or two 

-OH; 

25 where R9 is: 
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(1) -H, 

(2) -OH, 

(3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consisting of 

5 -Si(-CH3)j, 

-Si(-CH2-CH3)3, 
-CO-CH3, 
-co-Hand 
-SiH(CH3)2. 

10 (4)-F; 

where R| I is: 

(1) =o. 

(2) -H:-H, 

(3) a-R|i.i:p-Rii.2 where Rim is: 
15 (a)-H, 

(b) -O-Ri 1.3 where R| 1.3 is: 

(i) -H. 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

20 and where R| 1.2 is: 

(a) -a 

(b) -O-Ri 1^ where Ri m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
25 HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of R| |.| and R| 1-2 must be -H, 

(4) R| t.5:R| 1^ where one of R| 1.5 or R| 1^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of R| |.s or R| 14 is 
-H. 

30 (5) a-Ri i.7:P-Ri M where Ri 1.7 and R9 are taken together with -O- to 

fonn an epoxide between C-9 and C-1 1 and R| is -H; 
where RiT is: 
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(1) =0; 

(2) a-Ri7.i:P*Ri7.2 where Rn-i is: 

(a) -H, 

(b) -C^-H. 

(c) -ON, 

(d) -CsC-CH2-0-Ri7-i.i ^ere Rn-i-i is selected from the 



group consisting of 



10 andareCi-C4alkyl, 



(i) -H, 

(ii) -Si(Rt7.i.2)3 where R17.1.2 are the same or different 



(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyl, 

(e) -C^-CH2-CKHYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 
15 (0 -CHrCH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ■ and where R17.2 is -OH; 

(3) a-Ri7.3:p-Ri7^ where Rno is -OH and where Rn^ is: 
20 (a)-C0-CH3, 

(b) -CO-CH2-OH, 

(c) -CO-CH2-0-CO.(CH2)a.3-CH3; 

(4) a-Ri7.s:P-Ri7-6 where Rn.s and R174 are taken with the attadied 
carbon atom to form a three member epoxide containing -0*CH2- where the 

25 attachment of the -O is at Rn^ in the ^-orientation and the attachment of the CH2- is 
at R17.S in the a-orientation; 

(5) a-Ri7.7:p-Ri7-s where Rt7.7 and R174 are taken with the attached 
caibon atom to form a five member lactone containing -0-4^0-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

30 at Ri 7-8 in the P-orientation; 

(6) -0-CH(OR|7-9)-CH2-CH2 where the bond fifom the oxygen (-0) 
is one of the four bonds at C-17 in the P-configuiation and the bond firom the 
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methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a 5 member heterocycle containing one oxygen atom, where Rn^ is -H or C|- 
Caalkyl; 

(7)a-R|7.ii:P-Ri7.i2where 

R17-10 is -{CH2)i-2*CH=CH2 and Ri7*i2 is 



5 -OH; 



10 



where Rb is selected fiom the group consisting of 
-H, 

Ci-Qalkylor 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 
C1-C4 alkoxy; which comprises: 
(1) contacting a hydroperoxy compound of formula (TV-OOH) 




C O OH 



R7.2' 



(IV^OH) 



where R3, R4> Rs« R^ R9> Ri i» Riti Rb and R7.2 are as defined above with a 
I s hydroperoxy-deoxygenating agent. 



2 1 3. A process for the preparation of a hydroxy compound (IV-OH) according to 
claim 2 1 2 where Ry^ R4, R5 and R6 are selected from the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
20 R4.1 and R4.2 is taken together with R3 to form a second bond between the carbon 
atoms to which they are attached; Re is -H:-H; 

(ID) R3 is a-R3.5:P>R3^ where R3.5 is -O-R31 and Ky^ is -O-R32 where R31 and 
R32 are taken with the attached -O-C-O- to form a cyclic ketal of S atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 0; R4 is -H:-H; R« is R6.5:R64 where 
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one of R^5 and is taken together with R5 to fonn a second bond between the 
caibon atoms to which they are attached and the other of R^s and is -H; 

(in) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and Ra^ is -O-R32 where R31 and 
R32 are taken with the attached -O-C-O- to foim a cyclic ketal of 6 atoms of the 
5 foraiula -(CH2)-(CR33R34)kii-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 
R4 is -H:-H; R^ is R«.s:Rm where one of R6.s and R^ is taken together with Rs to 
form a second bond between the carbon atoms to which they are attached and the 
other of R6-S and R^ is -H. 

10 2 14. A process for the preparation of a hydroxy compound (IV-OH) according to 
claim 213 where R3, R4, R5 and R^ are: 

(I) R3 is = O; R4 is R4.t:R4-2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R^ is -H:-H. 

IS 

215. A process for the preparation of a hydroxy compound (IV-OH) according to 
claim 212 where R9 andRn are: 

(a) Ri 1 is Ri i.s:Ri where one of Ri 1.5 or R| 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of R11.5 or Rn^ is -H; 
20 (b) a*Rti.7:p-Rii4 where R| 1.7 and R9 are taken together with -O- to form an 

epoxide between C-9 and C-1 1 and Rn^ is -H, 

(c) R9 is -H and Rn is a-Rii.i:P-Rii.2 where Rn.i is --O-R11.3 where R11.3 is 
-H, and where R| 1.2 is -H. 



2S 2 1 6. A process for the preparation of a hydroxy compound (IV-OH) according to 
claim 21s where R9 and R| 1 are: 

(a) Ri I is Ri i.5:Rt where one of R| 1.5 or R| 1^ and R9 are taken together with 
R9 to form a second bond between C*9 and C- 1 1 and other of Ri 1.5 or Ri 14 is -H. 

30 2 1 7. A process for the preparation of a hydroxy compound (IV-OH) according to 
claim 212 where Ri? is selected from the group consisting of: 
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(a) a-Ri7.7:p-Ri74 where R17.7 and Rn^ are taken with the attached caibon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R]7.7 in the a-orientation and the attachment of the -O is 
at R|74 in the ^-orientation. 
5 (b)=0; 

(c) a-Ri7.i:P-Ri7.2 where Ri7.i is -C^-H and where R17-2 is -OH; 

(d) -feC-CH2-O.Ri7.M. 

2 1 8. A process for the preparation of a hydroxy compound (IV-OH) according to 
• 10 claim 2 1 7 where R17 is: 

(a) a-Rn.7f P-R17-8 where R17.7 and Rn^ are taken wiOi the attached carbon 
atom to form a five member lactone containing -^CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the ccrorientation and the attachment of the -O is 
at Ri7^ in the ^-orientation. 

IS 

219. A process for the preparation of a hydroxy conq)ound (IV-OH) according to 
claim 212 where Rb is -H. 

220. A process for the preparation of a hydroxy compound (IV-OH) according to 
20 claim 212 where R7.2 is -H, Ci and iso-C3. 

22 1 . A process for the preparation of a hydroxy compoimd (FV-OH) according to 
claim 220 where R7.2 is a mixture of -H, C| and iso-Ca. 

25 222. A process for the preparation of a hydroxy compound (IV-OH) according to 
claim 212 where the hydroperoxy-deoxygenating agent is selected from the group 
consisting of: 

QiQzS where Qi and Q2 are the same or different and is C1-C4 alkyl or phenyl, 
bisulfite, sulfite, thiosulfate, 
30 tetrahydrothiophene, 
hydrosulfite, 
thiourea, 
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butyl vinyl ether, 
(C1-C4 alkyl)3 phosphine, 
triphenylphosphine, and 
tetrametbyleth^ene. 



5 



223. A process for the prq>aration of a hydroxy compound (IV-OH) according to 
claim 222 where Qi and Q2 are both Ct alkyl and the hydroperoxy-deoxygenating 
agent is dimetfaylsulfide. 

10 224. A process for the preparation of a hydroxy compound (IV-OH) according to 
claim 2 12 where the hydroxy compound (IV-OH) is 

1 73-hydroxy-7a-( 1 '-0X0-2 *-isopropoxy-2'-hydroxy-ethyl)pregna-4,9( 1 1 )- 
dien-3-one-21-carboxylic acid, T^lactone. 

1 s 22s! A process for the preparation of a carfooxylic acid of formula (VI) 



or pharmaceutically acceptable salt thereof, where 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 
20 atoms to which they are attached; R« is -ti:-H; 

(m) R3 is a-R3.5:p-R34 where R3.S is -O-R31 and Ky^ is -O-R32 where R31 and 
R32 are the same or different and are selected from the group consisting of 

C1-C3 alkyl and 

R31 and R32 are taken with the attached -O-C-0- to form a cyclic ketal of S or 
25 6 atoms of the formula 




Rl7 



(VI) 



%C0 — OH 



.(CH2HCR33R34)n|-(CH2). 



where ni isOor 1; 
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where R3} and R34 are the same or different and are -H and C1-C3 aOcyl; R4 is 
-H:-H; Re is R«.5:Rm where one of R«.s and R«4 is taken together with Rs to form a 
second bond between the caibon atoms to vMch they are attached and the other of 
R^5 and R^ is — H; 

S (IV) R} is a-R3.7:P-RM where R3.7 is -O-R31 and R34 is -O-R32 where R31 and 

R}2 are as defined above; R4 is R4.7:R44 where one of R4.7 and R44 is taken together 
with Rs to form a second bond between the caibon atoms to which they are attached 
and the other of R4.7 and R44 is -H; R« is -H:-H; 
where R9 is: 
10 (1)-H, 

(2) -OH, 

(3) -OKHYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected firom the group consisting of: 

-Si(-CH3)3. 
15 -Si(-CH2-CHj)3, 

-CO-CH3, 
-CO-Hand 
-SiH(CH3)2, 

(4) -F; 

20 where Rn is: 

(1) =0. 

(2) -H:-H. 

(3) a-Rii.i:p-Rii.2 where Rim is: 

(a) -H. 

25 (b)-0-Ri 1-3 where R| 1.3 is: 

(i) -H. 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTINO GROUP is as defined above, 

and where Rm.2 is: 
30 (a)-H, 

(b) -0-Ri m where Ri 1^ is: 

(i)-H. 
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(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of Rim and R11.2 must be -H, 

(4) Ri ).5:R| 1^ where one of R| 1.5 or R| ^ and R9 are taken together 

S with R9 to foim a second bond between C-9 and C-1 1 and the other of Ri us or R| 1^ is 
-H. 

(5) a-Ri i.7:3-Ri 1^ where R\ 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Ri 1^ is -H; 

where Rn is: 
10 (1)=0; 

(2) a-Ri7.i:P-Ri7-2 where Rn-i is: 

(a) -H, 

(b) -CEC.H, 

(c) -C^, 

I S (d) -C^-CH2-0-Ri7.i.i where Rn.ui is selected fiom the 



group consisting of 



(i) -H. 

(ii) --Si(R]7.i.2)3 where R17.1.2 are the same or different 



andareCi-C4 alkyl, 
20 (iii) 1-ethoxyediyl, 

(iv) 2-tetrahydropyranyl, 

(e) -<M:.CH2-0.(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OHi 

25 (g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 

where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O * and where R17-2 is -OH; 
(3) a-Ri7.3:P-Ri7-4 where R17.3 is -OH and where R17-4 is: 
(a)-C0-CH3, 
30 (b)-CO-CH2-OH. 

(c) -CO-CH2-0-CO-(CH2)o.3-CH3; 
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(4) a-R|7.s:P-Ri7-6 where R|7.sand are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH3- where the 
attachment of the -O is at Rn^ in the P-orientadon and the attachment of the CH2- is 
at R17.5 in the a-orientation; 
5 (S) a-Rt7.7:p-Ri7-8 where R17.7 and R174 are taken with the attached 

carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CHr is at R17.7 in the OMrientation and the attachment of the -O is 
at Ri7^ in the Orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond from the oxygen (-0) 
10 is one of the four bonds at C-17 in the ^-configuration and the bond fiom the 

methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R17.9 is -H or Cp 
Caalkyl; 

(7) a-Ri7.i]:P-Ri7-i2 where Rn-io is -(CH2)i.2-CH=CH2 and Rn-a is 
1 S -OH; which comprises: 

(1) contacting a hydroperoxy compound of formula (IV-OOH) 




(IV-OOH) 



where R3, R4, R5, R6> R9, Ri 1 and R17 are as defined above; 
20 where Rb is where R|> is selected from the group consisting of 

-H, 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 
25 Ci-CU alkoxy; 
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where R7.2 is -H and C1-C4 alkyl optionally substituted with one or two 
-OH; with a carboxylic acid fonning agent selected firom the group consisting of: 

(a) heat, 

(b) a base whose conjugate acid has a pK« of about S or above, 
5 (c) an acid which has a pKa of less than about 3, 

(d) an acylating agent 

226. A process for the preparation of a carboxylic acid (VI) according to claim 225 

where Ra, R4, R5 and R^ are selected fiom the group consisting of: 
10 (I) Rj is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with Rs to form a second bond between the caibon 

atoms to which they are attached; R« is -H:-H; 

(in) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and R^^ is -O-R32 where R31 and 

R32 are taken with the attached -0-C*0- to form a cyclic ketal of S atoms of the 
15 fomiula -(CH2)-(CR33R34)nr(CH2)- where ni is 0; R4 is -H:-H; R^ is IU-s:IU« where 

one of R^-s and IU« is taken together with Rs to form a second bond between the 

carbon atoms to which they are attached and the other of Ra-s and R6^ is -H; 

(EI) R3 is a-R3.5:P-R34 where R3.S is -O-R31 and is -O-R32 where R31 and 

R32 are taken with the attached -O-C-0- to form a cyclic ketal of 6 atoms of the 
20 formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 

R4 is -H:-H; R^ is R^5:R64 where one of R6.s and Rm is taken together with R5 to 

form a second bond between the caibon atoms to which they are attached and the 

other of R6.5 and R^ is -H. 

25 227. A process for the preparation of a carboxylic acid (VI) according to claim 226 
where R3, R4, R5 and R« are: 

(I) R3 is = O; R4 is R4.i:R4-2 where one of R4.] and R4.2 is -H and the other of 
R4.] and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which tfiey are attached; R^ is -H:-H. 

30 

228. A process for the preparation of a carboxylic acid (VI) according to claim 225 
where R9 and Ri 1 are: 
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(a) R| 1 is R] i.s:Ri where one of R| us or R| and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of R| i.s or Rn^ is -H; 

(b) a-Ri i.7:P-Ri where R| 1.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and R| is -H, 

5 (c) R9 is -H and Ri 1 is a-Ri i.i :P-Ri 1.2 where Ri m is -0-Ri 1.3 where Ri 1.3 is 

-H, and where Rn.2 is -H. 

229. A process for the preparation of a caiboxylic acid (VI) according to claim 228 
where R9 and R| 1 are: 

10 (a) R] I is Rt i.5:Rn-6 where one of Ri 1.5 or R| 1^ and R9 are taken together with 

R9 to form a second bond between C-9 and C-1 1 and other of R] 1.3 or K\ 1^ is ~H. 

230. A process for the preparation of a caiboxylic acid (VI) according to claim 225 
where Rn is selected firom the group consisting of: 

15 (a)a-Ri7.7:p-R 17^ where R17.7 and R17-8 are taken with the attached carbon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation. 
(b)=0; 

20 (c) a-Ri7-i:P-Ri7-2 where R17.1 is -feC-H and where R17-2 is -OH; 

(d)-feC-CH2-0-Ri7.i.i. 

23 1. A process for the preparation of a caiboxylic acid (VI) according to claim 230 
where Rn is: 

25 (a) a-Ri7.7:P-Ri7.8 where R17.7 and Rn^ are taken with the attached carbon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the 0K>rientation and the attachment of the -O is 
at R17.8 in the ^-orientation. 

30 232. A process for the preparation of a caiboxylic acid (VI) according to claim 22S 
where Rb is-H. 
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233. A process for the preparation of a caiboxylic acid (VI) according to claim 225 
where R7.2 is -H, Ci and iso-Ca. 

234. A process for the preparation of a carboxylic acid (VI) according to claim 225 
5 where R7.2 is -H. 

235. A process for the preparation of a caiboxylic acid (VI) according to claim 225 
where the acid forming agent is heat. 

10 236. A process for the preparation of a caiboxylic acid (VI) according to claim 235 
where tiie heat in the range of from about 30® to about 120^ 

237. A process for the preparation of a caiboxylic acid (VI) according to claim 236 
where the heat is from about 80° to about 90^ 

15 

238. A process for the preparation of a carboxylic acid (VI) according to claim 225 
where the acid forming agent is a base. 

239. A process for the preparation of a carboxylic acid (VI) according to claim 225 

20 where the is base is an inorganic base selected from the group consisting of hydroxide, 
bicaibonate, and caibonate and oiganic bases selected from the group consisting of 
((^)3N were Q3 is CpCs alkyl, DBU, DBN, DABCO» pyridine and 
dimethylaminopyridine. 

25 240. A process for the preparation of a carboxylic acid (VI) according to claim 239 
where the is base is bicarbonate. 

24 1 . A process for the preparation of a caiboxylic acid (VI) according to claim 225 
where the acid forming agent is an acid . 

30 

242. A process for the preparation of a caiboxylic acid (VI) according to claim 241 
where the acid is selected from the group consisting of hydrochloric acid, sulfuric 
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acid, phosphoric acid, nitric acid and organic acids of the formula of Rmm-i-COOH 
where R«cid.i is -H and C1-C3 alkyl optionally substituted with 1 thru 3 -CI and -F. 

243. A process for the preparation of a carboxylic acid (VI) according to claim 242 
5 where the acid is fonnic acid and trifluoroacetic acid. 

244. A process for the preparation of a cait)Oxylic acid (VI) according to claim 22S 
where the acid fonning agent is an acylating agent 

10 245. A process for the preparation of a caitxixylic acid (VI) according to claim 244 
where the acylating agent is selected fiom the group consisting of Recid.2-C0-0-C0- 
R«cid-2 where Racid-2 is 
-H, 

C1-C3 alkyl optionally substituted with 1 thru 3 -CI and -F and -9. 

15 

246. A process for the preparation of a carboxylic acid (VI) according to claim 245 
where the acylating agent is acetic anhydride or trifluoracetic anhydride. 

247. A process for the preparation of a caiboxylic acid (VI) according to claim 225 
20 where the acylating agent is used in the presence of an acylation catalyst 

248. A process for the preparation of a carboxylic acid (VI) according to claim 247 
where the acylation catalyst is pyridine, DMAP» triethylamine and 4- 
pynolidinylpyridine. 

25 

249. A process for the preparation of a caiboxylic acid (VI) according to claim 225 
where the cari^oxylic acid (VI) is 

17p-hydn>xypregna-4,9(l l)-dien-3-one-7a^l-dicaiboxylic acid, y-lactone. 

30 250. A process for the prq>aration of a caiboxylic acid of formula (VI) 
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5 

where 

(I) R3 is = O; R4 is R4_i:R4-2 where one of and R4-2 is -H and the other of 
R4.i and R4.2 is taken together with Rs to form a second bond between the carbon 
atoms to which they are attached; is -H:-H; 
10 (in) R3 is a-R3.5:P-R3^ where R3.5 is -0-R3i and Rj^ is -O-R32 where R31 and 

R32 are the same or different and are selected fiom the group consisting of 

C1-C3 alkyi and 

R31 and R32 are taken with the attached -OC-O- to form a cyclic ketal of 5 or 
6 atoms of the formula 

15 .(CH2HCR33R34)„l-(CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
-H:-H; R^ is R^-siR^^ where one of R^-s and R^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
20 R6-5 and R6^ is -H; 

(IV) R3 is a-R3.7:p-R3-8 where R3.7 is -O-R31 and R3^ is -O-R32 where R31 and 
R32 are as defined above; R4 is R4.7:R4^ where one of R4.7 and is taken together 
with R5 to form a second bond between the caibon atoms to which they are attached 
and the other of R4.7 and R4^ is -H; R^ is -H:-H; 
2S where R9 is: 

(1) -H. 

(2) -OH, 
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(3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected fiom the group consisting of: 

.Si(-CH3)j, 
-Si(-CH2.CHj),. 
5 -CO-CH3, 
-co-Hand 
-SiH(CH3)2, 

(4) -F: 
where Ri I is: 

10 (1)=0. 

(2) -H:-H, 

(3) a-Rii-i:P-Rii.2whereRii.i is: 

(a) -H. 

(b) -0-R| 10 where R||.) is: 
15 (i)-H. 

(u) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where R| 1.2 is: 

(a)-H, 

20 (b) --O-R1 M where R| m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of Ri t-i and R11.2 must be -H, 
25 (4) RiLsiRi 1^ where one of R| 1.5 or R] 1^ and R9 are taken together 

with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or R| 1^ is 
-H. 

(5) a-Ri i.7:P-Ri 1^ where Ri 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Ri 1^ is -H; 

30 where Ri? is: 

(1) =0; 

(2) a-Ri7.i:p-Ri7.2 where Rn-t is: 
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(a) "H, 

(b) -CsC-H, 

(c) "CbN, 

(d) -<>C-CH2-0-Ri7.i.t where Rn-ui is selected firom the 

5 group consisting of 

(i) -H. 

(ii) -Si(Ri7.i.2)3 where Rit-i-z are the same or different 

and are C1-C4 alkyl, 

(iii) I-ethoxyethyl, 

10 (iv) 2-tetrahydiopyranyl, 

(e) -C^-CH2-0-(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-O-(HYDR0XY PROTECTING GROUP) 
15 where HYDROXY PROTECTING GROUP is as defined above. 

(h) -CH2-CH2-CO-O ■ and where R17.2 is -OH; 

(3) a-R|7.3:P-Ri7-4 where R17.3 is -OH and where Rn^ is: 

(a) -C0-CH3, 

(b) -CO-CH2-OH, 

20 (c) -CO-CH2-0-CO-(CH2)o.3-CH3: 

(4) a-Ri7.s:P-Ri7^ where R)7.5 and R17-6 are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of Ae -O is at R17-6 in the P-orientation and the attachment of the CH2- is 
at R17.S in the a-orientation; 

25 (5) a-Ri7.7:p-Ri7^ where R]7.7 and Rn^ are taken with the attached 

carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R17-S in the ^-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond firom the oxygen (-0) 

30 is one of the four bonds at C- 1 7 in the ^-configuration and the bond from the 

methylene group (CH2' ' *) is another of the four bonds at C-1 7 in the a-configuration 
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to form a 5 member heterocycle containing one oxygoi atom, where R17.9 is -H or d- 
C3alkyl; 

(7) a-Ri7.i I :p-Ri7-i2 where Rn-io is -<CH2)|.2-CH=CH2 and Rn-u is 
-OH; which comprises: 
5 (1 ) contacting a hydroxy compound of formula (IV-OH) 




(IV-OH) 



or a biscarbonyl compound of formula (V) 




1 0 or mixture thereof, 

where Rb is selected from the group consisting of 
-H, 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
15 C1-C4 alkyl, 

C1-C4 alkoxy; 

where R7.2 is -H and C1-C4 alkyl optionally substituted with one or two 
-OH; with an oxidatively cleaving agent 
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25 1 . A process for the preparatioii of a caiboxylic acid (VI) according to claim 250 
where the reactant is a hydroxy compound of formula (IV-OH). 

252. A process for the preparation of a caiboxylic acid (VI) according to claim 250 
S where the reactant is a biscarbonyl compound (V). 

253. A process for the preparation of a caiboxylic acid (VI) according to claim 250 
where Ra, R4, Rs and R« are selected from the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the other of 
10 R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R^ is -H:-H; 

(m) R3 is a-R3.s:P-R3-6 whore R3.S is -O-Rji and Ky^ is -0*R32 where R3] and 
R32 are taken with the attached -0-C-O- to form a cyclic ketal of 5 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2> where ni is 0; R4 is -H:-H; R6 is R^5:R64 where 
1 5 one of Re-s and Rd^ is taken together with R3 to form a second bond between the 
carbon atoms to which they are attached and the other of R«.5 and R^^ is -H; 

(m) R3 is a-R3.s:P-R>4 ^^ere R3.5 is -O-R31 and R3.6 is -O-R32 where R31 and 
R32 are takoi with the attached -0-C-O- to form a cyclic ketal of 6 atoms of the 
formula -(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 
20 R4 is -H>H; R6 is R6-5:R6^ where one of R6-5 and R6-6 is taken together with Rs to 
form a second bond between the carbon atoms to which they are attached and the 
other of R6.S and R«^ is -H. 

254. A process for the preparation of a carboxylic acid (VI) according to claim 253 
25 where R3, R4, R5 and R^ are: 

(I) R3 is = O; R4 is R4.|:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; lU is -H:-H. 

30 255. A process for the preparation of a carboxylic acid (VI) according to claim 250 
where R9 is: 

(1)-H. 
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(2) -OH. 

(3) -O-CHYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTINO GROUP is selected firom the group consisting of: 

.Si(^3)3, 
5 -Si(<H2-CH3)3, 

-CO-CH3, 
-co-Hand 

.SiH(CH3)2, 

(4) -F; 

10 where R| I is: 

(1) =0, 

(2) -H:.H, 

(3) a-Ri 1-1 :p-Ri 1-2 where Ri m is: 

(a) -H. 

1 5 (b) -O-Ri 1.3 where Ri 1.3 is: 

(i) -H. 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

and where Rn.2 is: 
20 (a)-H, 

(b) -O-Ri 1^ where R| m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, with the proviso that one of 

25 Ri |.| and Ri 1.2 must be -H, 

(4) R| |.s:Ri 1^ where one of Ri 1.5 or Ri 1^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of R] 1.5 or R| is 
-H. 

(5) a-Ri i-7:p-Ri 1^ where Ri 1.7 and R9 are taken together with -O- to 
30 form an epoxide between C-9 and C-1 1 and R| 1^ is -H, 

where Rp is: 
(1)=0; 
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(2) a-Ri7-i:p-Ri7.2 where Rn.i is: 

(a) -H, 

(b) -feC.H, 

(c) -<>N, 

S (d) -C^-CH2-0-Ri7.i.i where Rn-i-i is selected from the 

group consisting of 

(i) -H. 

(ii) -Si(Ri7.i.2)3 where R|7.].2 are the same or different 

andareC]-C4alkyl, 
10 (iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyU 

(e) -CsC-CHrCKHYDROXY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

15 (g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 

where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O " and where R17.2 is -OH; 

(3) a-Ri7.3:P-Ri7^ where R17.3 is -OH and where Rn^ is: 

(a)-CO-CH3, 
20 (b)-CO-CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7.s:P-Ri7-6 where R17.5 and Rn^ are taken widi the attached 
caibon atom to form a three member epoxide contammg -O-CH2- where the 
attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2- is 

25 at R17.5 in the a-orientation; 

(5) a-Ri7-7:P-Ri7-8 where Ri7.7and R174 are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation; 

30 (6) -O-CH(0R|7.9)-CH2-CH2 where the bond from the oxygen (-O) 

is one of the four bonds at C-17 in the P-configuration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C- 1 7 in the a-configuration 
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to form a S member heterocycle containing one oxygen atom, where R17.9 is or d- 
Cjalkyl; 

(7) a-R|7.ii:P-Ri7.u where Rn-io is-(CH2)i.2-CH=CH2 and R17.12 is 

-OH. 

5 

256. A process for the preparation of a caxboxylic acid (VI) according to claim 255 
vfheje R9 and Rn are: 

(a) Rii is Ri].3:Rii^ where one of R||.s or Rn^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of R| 1.5 or Ri is -H. 

10 

257. A process for the preparation of a carfooxylic acid (VI) according to claim 250 
where Rn is selected from the group consisting of: 

(a) a-Ri7-7:p-Ri74 where Ri7.7and R|7^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

IS attachment of the CH2- is at R]7.7 in die a-orientation and the attachment of the -O is 
at R17.8 in the p-orientation. 

(b) =0; 

(c) a-Ri7-i:p-Ri7-2 where R17.1 is -CsC-H and where R17-2 is -OH; 

(d) -feC-CH2-0-Ri7.|.|. 

20 

258. A process for the preparation of a carbox^ic acid (VI) according to claim 257 
where Rn is: 

(a) a-Ri7.7:P-Ri7^ where Ri7.7and R|7^ are taken with the attached carbon 
atom to form a five member lactone containing -0-CO-CH2^H2- where the 
25 attachment of the CHj- is at R]7.7 in the a-orientation and the attachment of the -O is 
at R]7^ in the p-orientation. 

259. A process for the preparation of a carboxylic acid (VI) according to claim 250 
where Rb is -H. 

30 

260. A process for the preparation of a carboxylic add (VI) according to claim 250 
where R7.2 is -H, Ct and iso-Cj. 
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261 . A process for the preparation of a carboxylic acid (VI) according to claim 260 
where R7.2 is a mixture of -H, Ci and isoCa. 

5 262. A process for the preparation of a carboxylic acid (VI) according to claim 250 
where the oxidatively cleaving agent is selected from tfie group consisting of: 

(1) hydrogen peroxide with a caiboxylic acid forming agent selected from the 
group consisting of: 

(a) heat, 

10 (b) a base whose conjugate acid has a pKa of about S or above, 

(c) an acid which has a pK^ of less than about 3, 

(d) an acylating agent and an acylation catalyst 

(2) KHS05; 

(3) hydrogen peroxide with a ketone selected from the group consisting of Q4- 
1 5 CO-Q5 where Q4 and Q5 are the same or different and are: 

C1-C4 alkyl optionally substituted with 1 thru 9 -CI or-F, 
where the Q4 and Q5 are taken together with the attached carbon atom 
to form a cyclic ketone of S thru 7 members, and ketones of the formula: 




C)-C|2 alkyl 0^-0^2 alkyl 

20 and 
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(4) hydrogen peroxide in combination with methyltrioxoAenium, 

(5) q>-C(CH3)2-0-OH or an alkylhydroperoxide in combination with a metal 
containing activator, where alkyl is from C4-C10 alk^ and metal containing activator 

5 is selected from the group consisting of Ti(isopropoxide)4, peroxotimgstophosphate, 
VO(acetylacetonate)2 and Mo hexacarbonyl; 

(6) peracids selected from the group consisting of 

(a) perbenzoic acid optionally substituted with 1 or 2 -CI or 

-NO2, 

] 0 (b) percaiboxylic acids of the formula Ca2(Q6)2iim>i-C03H where 

n2 is 1 thru 4 and Q6 is -H, -C 1 or -F, 

(c) perphthalic acid, 

(d) magnesium peroxyphthalate. 

IS 263. A process for the preparation of a caiboxylic acid (VI) according to claim 262 
where the oxidatively cleaving agent is: 

(1) hydrogen peroxide with a carboxylic acid forming agent. 

20 264. A process for the preparation of a carboxylic acid (VI) according to claim 263 
where the carboxylic acid forming agent is a base. 

265. A process for the preparation of a carboxylic acid (VI) according to claim 264 
whero the is base is an inorganic base selected from the group consisting of hydroxide, 

25 bicarbonate, and carbonate and organic bases selected jGx>m the group consisting of 
(Q3)3N were Q3 is C1-C3 alkyl, DBU, DBN, DABCO, pyridine and p- 
dimethylaminopyridine. 

266. A process for the preparation of a carbox^ic acid (VI) according to claim 265 
30 where the base is bicarbonate. 

267. A process for the preparation of a carboxylic acid (VI) according to claim 263 
where the carboxylic acid forming agent is an acid . 
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268. A process for the preparation of a carboxylic acid (VI) according to claim 267 
where the acid is selected from the group consisting of hydrochloric acid, sulfuric 
acid, phosphoric acid, nitric acid and oiganic acids of die formula of Raeid-i-COOH 

5 where Racid.i is -H and C1-C3 alkyl optionally substituted with 1 thru 3 -CI and -F. 

269. A process for the preparation of a caibox^ic acid (VI) according to claim 268 
where the acid is formic acid and trifluoroacetic acid. 

10 270. A process for the preparation of a cariwxylic acid (VI) according to claim 263 
where the cartioxylic acid forming agent is an acylating agent. 

271 . A process for the preparation of a cari>oxylic acid (VI) according to claim 270 
where the acylating agent is the acylating agent is selected from the group consisting 

1 5 of Raei<l.2-CO-0-CO-R«ad-2 whcrC Recid.2 is 

C1-C3 alkyl optionally substituted with 1 thru 3 --C1 and -F and -9. 

272. A process for the preparation of a cart)oxylic acid (VI) according to claim 27 1 
20 where the acylating agent is acetic anhydride or trifluoracetic anhydride. 

273. A process for the preparation of a cari)oxylic acid (VI) according to claim 250 
where when the reactant is a mixture including a hydroperoxy compound of the 
formula (IV-OOH) 




(IV-OOH) 
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where Ra, R4, Rs> R?^, R9, Rit» Ri7 and Rb are as defined in claim 250, the 
mixture is first treated with a hydioperoxy-deoxygenating agent. 

274. A process for the preparation of a carboxylic acid (VI) according to claim 250 

S where the hydroperoxy-deoxygenating agent is selected firom the group consisting of: 

Q1Q2S where Qi and Q2 are the same or different and are 
C1-C4 alkyl, 
phenyl, 

bisulfite, 
10 sulfite, 

thiosul&te, 

tetrahydrothiophene, 

(C1-C4 alkyl)3 phosphite, 

(C1-C4 alkyl)3 phosphine, 
IS triphenylphosphine, 

hydrosulfite, 

thiourea, 

butyl vinyl ether, 

tetramethylethylene. 
20 zinc and acetic acid, 

tetramethylethylene and 

2-methylfunm. 

275. A process for the preparation of a carboxylic acid (VI) according to claim 274 
25 where the hydroperoxy-deoxygenating agent is where Qi and Qi are both Ci alkyl and 

the deoxygenating agent is dimetfaylsulfide. 

276. A process for the preparation of a carboxylic acid (VI) according to claim 250 
where the carboxylic acid (VI) is: 

30 17j}-hydroxypregna-4,9(l l)-dienO-one-7a,21-dicaiboxylic acid, y-lactone. 

277. A process for the preparation of a 5,7-lactone of formula (VII) 
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(VII) 



where 

(Va) R2 is -H:-H; Rj is = O; R4 is -H:-H: 

(Vb) R2 is -H:-H; R3 is R3.:R3b where both R3, and Rsb are -OH and 

S R4is-H:-H; 

where R9 is: 
(D-H. 

(2) -OH. 

(3) -0-(HYDROXY PROTECTING GROUP) where HYDROXY 
1 0 PROTECTING GROUP is selected from the group consisting of: 

-Si(-CH3),, 
-Si(-CH2-CH3)3, 
-CO-CH3, 
-co-Hand 

15 -SiH(CH3)2, 

(4) -F; 
where Ri I is: 

(1) =0. 

(2) -H:-H, 

20 (3) a-R| |.| :P-R| 1^ where Ri t.i is: 

(a) -H, 

(b) -0-R| 1.3 where R| 1.3 is: 

(i)-H. 

(u) a HYDROXY PROTECTING GROUP whoe 
2S HYDROXY PROTECTING GROUP is as defined above, 
and where R| 1.2 is: 

(a) -H. 

(b) -O-Ri M where Ri 1^ is: 
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(i) -H. 

(ii) a HYDROXY PROTECITNG GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of R| m and R| must be -H, 
5 (4) Ri |.s:Rii4 where one of Rn.s or R| and R9 are taken together 

with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or Rn^ is 
-H, 

(5) a-R] i.7:P-K.] 1-8 where Ri 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Rn^ is -H; 
10 where R|7 is: 

(1) =0; 

(2) a-Ri7.i:p-Ri7.2 where R17.1 is: 

(a) -H. 

(b) -<>C-H, 
15 (c)-C^, 

(d) -feC-CH2-0-Ri7.i-i where R17-1-1 is selected from the 

group consisting of 

(i) -H, 

(ii) -Si(Ri7.i.2)3 where R^-nz are the same or different 

20 and are C1-C4 dikyU 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyl, 

(e) -CsC^H2-0-(HYDROXY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

25 (f)-CH2-CH2<:H2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O " and where R17.2 is -OH; 

(3) a-R|7.3:P-Ri7-4 where R|7.3 is -OH and where Rn^ is: 
30 (a)-CO-CH3, 

(b) -CO^H2-OH, 

(c) -CO-CH2-0-CO-(CH2)(M-CH3; 
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(4) a-Ri7.s:p-Ri7-6 where R17.5 and are taken with the attached 
caibon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at R|7^ in the p-orientation and the attachment of the CH2- is 
at R17.S in the a-orientation; 

(5) a-Ri7.7:P-Ri7-8 Miiere R17.7 and Rn^ are taken with the attached 
carbon atom to form a five member lactone containing -0-C(M^H2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in Ae p-orientation; 

(6) -O-CH(0Ri7.9)-CH2-CH2 where the bond from the oxygen (-0) 
is one of the four bonds at C-17 in the P-configuration and the bond from the 
methylene group (CH2" "') is another of the four bonds at 17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where Rn^ is -H or Cr 
C3 alkyl; 

(7) a-Ri7.ii:P-R]7-i2 where R17.10 is-<CH2)i.2-CH=CH2 and R17.12 is 
-OH; which comprises: 

(1) contacting a caifooxylic acid of formula (VI) 




where 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
20 R4.1 and R4.2 is taken together with R5 to form a second bond between the caibon 
atoms to which they are attached; R6 is -H:-H; 

(m) R3 is a-R3.5:P-R3^ where R3.s is -O-R31 and R34 is -O-R32 where R31 and 
R32 are the same or different and are selected from the group consisting of 

CrC3 alkjd and 

25 R31 and R32 are taken with the attached -0>C*0- to form a cyclic ketal of 5 or 

6 atoms of the formula 

-(CH2HCR33R34)«I-(CH2). 
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where ni isOor 1; 

where Rsa and R34are the same or different and are -H and CpCj alkyl; R4 is 
-H:-H; is R6.s:R64 where one of R^s and R^^ is taken together with R3 to form a 
second bond between the carbon atoms to which they are attached and the other of 
S R6.sandR64is-H; 

(IV) R3 is a-R3.7:P-R34 where R3.7 is -O-R31 and Ry^ is -O-R32 where R31 and 
R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R4-8 is taken together 
with Rs to form a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R44 is -H; R6 is -H>H; 
10 where R9, Ri 1 and R17 are as defined above; with a reaction medium which has 

a pH of less than about S. 

278. A process for the preparation of a S,7-lactone (VII) according to claim 277 
where R3» R4, Rs and R^ are: 

IS (I) R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached. 

279. A process for the preparation of a S,7-lactone (VII) according to claim 277 
20 where R9 and Ri 1 are: 

(a) Rj I is R| i.5:Rj 1^ where one of R| 1.5 or Ri 1-6 and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of R| 1.5 or Ri 1^ is -H; 

(b) a-R) i.T^P-Ri 1^ where Rn.? and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and Ri 1^ is 

25 (c) R9 is 'H and Ri 1 is a-Ri m :p-Ri 1-2 where Ri m is -0-R| 1.3 where R11.3 is 

•H, and where Ri 1.2 is -H. 



280. A process for the prq^tion of a S,7-lactone (VII) according to claim 279 
where R9 and Ri 1 are: 

30 (a) R|| is Ri i.s:Ri where one of Ri 1.5 or R| 1^ and R9 are taken together with 

R9 to form a second bond between C-9 and C-1 1 and other of Ri 1.5 or Ri 1^ is -H. 
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28 1 . A process for the preparation of a S,7*lactone (VII) according to claim 277 
where Rn is selected from the group consisting of: 

(a) a-R|7.7:P-Ri7^ where Ri?.? and R|7^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

5 attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the P-orientation. 

(b) =0; 

(c) a-Ri7.i:P-Ri7.2 where Rp.] is --C^-H and where Ri7.2 is -OH; 

(d) -feC-CH2-0-R|7.|.i . 

10 

282. A process for the preparation of a S,74actone (VII) according to claim 281 
where R17 is: 

(a) a-Ri7.7:P-Ri74 where R17.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
IS attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R17.8 in the P-orientation. 

283. A process for the preparation of a S,7-lactone (VII) according to claim 277 
where the reaction medium contains water and has a pH of from about 1 to about 5. 

20 

284. A process for the preparation of a S,7-lactone (VII) according to claim 283 
where the reaction mediimi contains either a strong acid of pKa less than about 2 or a 
catalytic amount of base. 

25 285. A process for the preparation of a S,7-Iactone (VII) according to claim 277 
where the carboxylic acid (VI) is reacted with substantially anhydrous acid. 

286. A process for the preparation of a S,7-lactone (VII) according to claim 285 
where the acid is present in an amount from catalytic to excess. 

30 

287. A process for the preparation of a 5»7-lactone (VII) according to claim 285 
where the acid is selected from the group consisting of fluorosulfonic, chlorosulfonic, 
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benzenesulfonic, p-toluenesulfonic, methanesulfonic, trifluoromethanesulfonic* 
trifluoroacetic, trichloroacetic, hydrochloric, sulfuric, phosphoric and nitric. 

288. A process for the preparation of a S,7-lactone (VII) according to claim 287 
5 where the acid is benzenesulfontc, />'toluene$ulfonic or methanesulfonic. 

289. A process for the preparation of a S,7-lactone (VII) according to claim 277 
where the carboxylic acid (VI) is reacted with aqueous acid in a two-phase system. 

10 290. A process for the preparation of a S,7-lactone (VII) according to claim 277 
where the carboxylic acid (VI) is reacted with a catalytic amount of base. 

291 . A process for the preparation of a S,7-lactone (VII) according to claim 292 
where the base is selected fiom the group consisting of hydroxide, bicarbonate, 

1 5 carbonate, DBU, DBN, D ABCO, pyridine, jE7-dimethylaminopyridine, Q7-COO* where 
Q7 is -H, C1-C3 alkyl or np, (Qyh^ where Q3 is C1-C3 alkyl. 

292. A process for the preparation of a 5,7-Iactone (VII) according to claim 294 
where the base is hydroxide, bicarbonate, carbonate, triethylamine or pyridine. 

20 

293. A process for the preparation of a 5,7-Iactone (VII) according to claim 277 
where the 5,7-Iactone (VII) is obtained as a solid. 

294. A process for the preparation of a S,7-lactone of formula (VII) 



25 




where 

(Va) R2 is -H>H, R3 is =0 and R4 is -Hr-H; 
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where R9 is: 
(D-H. 

(2) -OH, 

(3) -0.(HYDROXY PROTECTING GROUP) where HYDROXY 
S PROTECTING GROUP is selected firom the group consisting o£ 

-Si(-CH2-CH,)3. 

-CO-CH3, 

•CO-Hand 

10 -SiHCCHs)], 

(4) -F; 
where Rn is: 

(1) =o. 

(2) «H>H, 

15 (3)a-Rii.i:P-Rii.2whereR]i.i is: 

(a) -H, 

(b) -0-Ri 1.3 where R| 1.3 is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
20 HYDROXY PROTECTING GROUP is as defined above, 

and where R| 1.2 is: 

(a) -H, 

(b) -O-Ri 1^ where R] m is: 

(i)-H, 

25 (ii) a HYDROXY PROTECTING GROUP where 

HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of Ri m and R| 1.2 must be -H, 

(4) R| |.5:Ri 1^ where one of Ri 1.5 or Ri ^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or Ri 14 is 

30 -H, 

(5) a-Ri i.7:P-Ri 1^ where R| 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Ri u is -H; 
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where R| 7 is: 

(1) =0; 

(2) a-Ri7-i:P-R|7.2 where Rn-i is: 

(a)-H, 

5 (b)-CsC-H. 

(c) -C^, 

(d) -C^-CH2-0-R| 7.1-1 where Rn.i.i is selected firom the 

group consisting of 

(i)-H. 

10 (ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

and are CrC4 alkyl, 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydn>pyranyl, 

(e) -OC-CH2-0-(HYDR0XY PROTECTING GROUP) where 
15 HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ' and where R17.2 is -OH; 
20 (3) a-Ri7.3*P-Ri7-4 where R17.3 is -OH and where R17-4 is: 

(a) ^0-CH3, 

(b) ^0-CH2-0H. 

(C) -CO.CH2-O-CO-(CH2)0.3-CH3; 

(4) a-Ri7.s:P-Ri7^ where Rn.sand Rp^ are taken with the attached 
25 carbon atom to form a three member epoxide containing -O-CH2- where the 

attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

(5) a-Ri7-7:p-Ri7-8 where R|7.7and R174 are taken with the attached 
caibon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

30 attachment of the CH2- is at R17.7 in die a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation; 
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(6) -OCH(ORi7.9)-CH2-CH2 where the bond fiom the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond fiom the 
methylene group (CH2 is another of the four bonds at C-17 in the a-configuration 
to form a 5 member heterocycle containing one oxygen atom, where R]7j9 is -H or d- 

S C3 alkyi; 

(7) a-Rn.i i:P-Ri7-i2 where R|mo is -(CH2)i-2-CH=CH2 and R17.12 is 
-OH; which comprises: 

(1) contacting a carboxyiic acid of formula (VI) 




10 where 

(I) R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to fonn a second bond between the carbon 
atoms to which they are attached; R6 is -H:-H; 

where R9> Ri 1 and R17 are as defined above; imder anhydrous conditions with 
1 s an anhydrous reaction medium of pH less than about S. 

295. A process for the preparation of a S,7-lactone (VII) according to claim 294 
where R9 and R| 1 are: 

(a) R| I is Rii.5:R]M where one of Rn.s or Ri 1^ and R9 are taken together with 
20 R9 to form a second bond between C-9 and C- 11 andotherofRn.sorRn^is-H. 

296. A process for the preparation of a 5,7-lactone (VII) according to claim 294 
where R17 is: 

(a) a-R|7.7:P-Ri7^ where R17.7 and Rn^ are taken with the attached caibon 
25 atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in die a-orientation and the attachment of the -O is 
at R17.8 in the Orientation. 



• 309- 



wo 03/082895 



PCTAJS03/07793 



297. A process for the preparation of a S,7-lactone (VII) according to claim 294 
where the reaction medium contains an acid which has a pKs of < about 4. 

s 298. A process for the preparation of a 5,7*lactone (VII) according to claim 294 
where the acid is selected fix>m the group consisting of fluorosulfonic, chlorosulfonic, 
benzenesulfonic, /^toluenesulfonic, metfaanesulfonic» tiifluoromethanesulfonic, 
trifluoroacetic, trichloroacetic, hydrochloric, sulfuric, phosphoric and nitric. 

10 299. A process for the preparation of a S,7-lactone (VII) according to claim 298 
where the acid is benzenesulfonic,/^•toluenesulfonic or methanesulfonic. 

300. A process for the preparation of a S,7-lactone (VII) according to claim 294 
where the carboxylic acid (VI) is reacted with the acid in a two-phase system. 

15 

301 . A process for the preparation of a S,7-lactone (VII) according to claim 294 
where the carboxylic acid (VI) is reacted with a catalytic amount of base. 

302. A process for the preparation of a S,7-lactone (VU) according to claim 294 
20 where the base is selected from the group consisting of hydroxide, bicarbonate, 

carbonate, DBU, DBN, DABCO, pyridine, ;7-dimethylaminopyridine, Q7-COO' where 
Q7 is -H. C1-C3 alkyl or -<p, {Q^h^ where Q3 is C1-C3 alkyL 

303. A process for the preparation of a S,7-lactone (VD) according to claim 294 
25 where the S,7-lactone (Vn) is obtained as a solid. 

304. A process for the preparation of a S,7-lactone (VU) according to claim 303 
where the solid is crystalline. 

30 30S. A process for the preparation of a S,7-lactone of formula (VII) 
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where 

(Vc) R2 is -H:-H, Ra is -O-Rsar-O-Rjb where Ra. and R3b the same and 
are C1-C3 alkyl or where Ky^ and Rab are taken together with the attached -0-C-O- to 
5 form a cyclic ketal of S or 6 atoms of the formula 

-(CH2HCR33R34)nI-(CH2)- 

where ni isOor 1; 

where R33 and R34 are the same or different and are -H and CrCa alkyl, and R4 
is-H:-H; 

10 (VI) R2 is -H:-H; R3 is R3c:R3d and R4 is R4c'R4d where one of Rsc and Raa is 

taken with one of R4G or R4d to form a second bond between the carbon atoms to 
which they are attached and the other of R3C and Rad is CH3-O- or C2HS-O-; 
and the other of R4C and R^^ is -H; or 

(Vn) R2 is R2e:R2f and R3 is Rae^Rar where one of R2e and Rir is taken 
IS with one of Ra^ or Rar to form a second bond between the carbon atoms to which they 
are attached and the other ofRu and R2r is -H, and the other of Rac and Rar is CHa-O- 
or C2H5-O-; or mixtures thereof; 
where R9 is: 
(1)-H. 

20 (2) -OH, 

(3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consisting of: 

.Si(^Ha)a, 
.Si(-CH2.CHa)a, 
25 -CO-CH3, 

-CO-H and 
.SiH(CHa)2, 

(4) -F; 
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where Ri I is: 

(1) =o. 

(2) -H:-H. 

(3) a-Rii.i:p-Rii.2 where Rii.i is: 
5 (a)-H. 

(b) -0-R| |.3 where Ri lo is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

10 and where R| m is: 

(a) -H. 

(b) -0-R| M where Ri m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
15 HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of Rim and R11.2 must be -H, 

(4) R||.s:Ri 1^ where one of R] 1.5 or Ru^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or R| 1^ is 
-H. 

20 (S) a-Rt i.7:P-R] m where Rn.7 and R9 are taken together with -O- to 

form an epoxide between C-9 and C-1 1 and R| 1^ is -H; 
where R|7 is: 

(1) =0; 

(2) a-Ri7.i:P-Ri7.2 where Rp-i is: 
25 (a)-H, 

(b) -teC.H, 

(c) -C5N. 

(d) -^C-CHa-O-Rn.!-! where Rn.i-i is selected from the 

group consisting of 
30 (i)-H, 

(ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

and are C1-C4 allgrl. 
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(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydiopyranyl, 

(e) -CsC-CH2-0-(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 
5 (O-CH2-CH2-CH2-OH. 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CHrC0-0 " and where R17.2 is -OH; 

(3) a-R|7.3:P-Rt7-4 where R17.3 is -OH and where Rn^ is: 
10 (a)-CO-CH3, 

(b) -CO-CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)o-3-CH3; 

(4) a-Ri7.s:P*Ri7^ M^iere Rn-s and Rn^ are taken with the attached 
carbon atom to fonn a three memb^ epoxide containing -O-CH2- where the 

IS attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2* is 
at R17.5 in the a-orientation; 

(5) a-Ri7.7:P-Ri74 where R]7.7 and Rn^ are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

20 at R|7^ in the ^-orientation; 

(6) -0-CH(ORi7^)-CH2-CH2 where the bond from the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R17J9 is -H or Ci- 

25 C3 alkyi; 

(7) a-Ri7.ii:P-Ri7.i2 where R17.10 is -(CH2)|.2-CH=CH2 and R17.12 is 
-OH; which comprises: 

(1) contacting a caiboxylic acid of formida (VI) 
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where 

(in) R3 is a-R3.5:P-R3-6 where R3-5 is -O-R31 and R3-6 is -O-R32 where 
R31 and R32 are the same or different and are selected from the group consisting of 
S CrC3 alkyl and 

R31 and R32 are taken with the attached -0-C-O- to form a cyclic ketal of 5 or 
6 atoms of the formula 

-(CH2HCR33R34)n|-(CH2)- 

where ni is 0 or 1; 

10 where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 

-H>H; R« is R6.s:R«^ where one of R6.s and is taken together with Rs to form a 
second bond between the carbon atoms to which they are attached and the other of R6. 
5 and R6-6 is -H; 

(IV) R3 is a-R3.7:P-R3^ where R3-7 is ^0-R3i and R3^ is -O-R32 where 
15 R31 and R32 are as defmed above; R4 is R4.7:R4^ where one of R4.7 and R^^ is taken 
together with R5 to form a second bond between the carbon atoms to which they are 
attached and the other of R4-7 and R4^ is -H; R^ is -H:-H; 

where R9, R| 1 and Ri 7 are as defined above; with at least a catalytic amount of 

acid. 

20 

306. A process for the preparation of a S,7-lactone (VII) according to claim 305 
where R9 and R| 1 are: 

(a) Rii is Ri|.s:Rii4 where one of R11.5 or Rn^ and R9 are taken together with 
R9 to fonn a second bond between C-9 and C-1 1 and other of Rt 1.5 or R] 1^ is -H. 

25 

307. A process for the preparation of a 5»7-lactone (VII) according to claim 305 
where R17 is: 
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(a) a-Ri7.7:P-Ri7^ where R17.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O^CO-CHa-CHr where the 
attachment of the CHr is at R17.7 in the a-orientation and the attachment of the -O is 
at Rt7^ in the P-orientation. 

5 

308. A process for the preparation of a S,7-lactone (VII) according to claim 306 
where the acid has a pKa of < about 4. 

309. A process for the preparation of a S,7-lactone (VII) according to claim 305 
1 0 where the SJ-Iactone (VII) is a solid. 

3 10. A process for the preparation of a methyl ester of formula (Vm) 




(VIII) 



where 

15 (I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the 

other of R4.1 and R4.2 is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached; R6 is -H:-H; 
where R9 is: 

(D-H. 

20 (2) -OH. 

(3) -O-(HYDR0XY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected fiom the group consisting of: 
-SiKHj),, 
-Si(-CH2-CH,)^ 
25 -CO-CH3, 

-co-Hand 
-SiH(CH,)2. 
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(4)-F; 
where Ri I is: 

(1) =o, 

(2) -H:.H, 

5 (3) a-R]i.i:p-Rii.2 where Rn.i is: 

(a) -H, 

(b) -O-Ri 1-3 where R| 1.3 is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
10 HYDROXY PROTECTING GROUP is as defined above, 

and where Ri 1.2 is: 

(a) -H. 

(b) -O-Ri M where R| m is: 

(i)-H, 

15 (ii) a HYDROXY PROTECTING GROUP where 

HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of R| |.i and Rn.2 must be -H, 

(4) Ri i.5:R| 14 where one of Ri 1.5 or Ri and R9 are taken together 
with R9 to form a second bond between C-9 and C- 1 1 and the other of R] 1.5 or R| is 

20 -H, 

(5) a-Ri i.7:P-R! i-s where R| 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Ru^ is -H; 

where Ri7 is: 
(1)=Q; 

25 (2) a-Ri7.i :P-Ri7-2 where R17.1 is: 

(a) -H, 

(b) -teC-H. 

(c) -C5N, 

(d) -<^-CH2-0-R|7.M where Rn-i-i is selected fiom the 

30 group consisting of 

(i)"H, 
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(ii) ■-Si(Ri7-i-2)3 where R17.1.2 8ie the ssune or different 

and are C]-C4 alkyl, 

(iii) l-ethoxyethji, 

(iv) 2-tetrahydropyFanyl, 

5 (e) -C^-CHa-CMHYDROXY PROTECTING GROUP) where 

HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

10 (h) -CH2-CH2-CO-O • and where R17-2 is -OH; 

(3) a-Ri7.3*P-Ri7^ where R17.3 is -OH and where Rn^ is: 

(a) -CO.CH3, 

(b) -CO-CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)a.3-CH3; 

IS (4) a-Ri7.s:P-Ri7^ where R17.5 and Rn^ are taken with the attached 

carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2- is 
at R17.S in die a-orientation; 

(5) a-Ri7.7:p-Ri7.8 where R17.7 and Rn^ are taken with the attached 
20 carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the ocrorientation and the attachment of the -O is 
at R|7^ in the P-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond from the oxygen (-0) 
is one of the four bonds at C-17 in the P-configuration and the bond from the 

25 methylene group (CH2 ) is another of the four bonds at C-1 7 in the a-configiuation 
to fonn a S member heterocycle containing one oxygen atom, where R17-9 is -H or Cr 
Csalkyl; 

(7) a-Ri7.ii:P-Ri7-i2 where R17.10 is-(CH2)i.2-CH=CH2 and R17.12 is 
-OH; which comprises: 

30 ( 1 ) contacting a S,7-lactone of the formula (VII) 
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where R4 is -H:-H and where Ra, R9, Ri 1 and Rn are defined above, with 
aqueous base, and 

(2) contacting the reaction mixture of step (1) with a methylating agent. 

5 

3 1 1 . A process for the preparation of a methyl ester (VIII) according to claim 310 
where R9 and Rii are: 

(a) R| 1 is R| i.5:R] 1^ where one of R| 1.5 or Ri 1^ and R9 are taken together with 
R9 to form a second bond between C*9 and C-1 1 and the other of R| 1.5 or R| 1^ is -H; 
10 (b) a-R| i.7:p-Ri i-s where R| 1.7 and R9 are taken together with -O- to form an 

epoxide between C-9 and C- 11 and Rn^ is -H, 

(c) R9 is -H and Rn is a-Rn.i:p-Rii.2 where Rim is-O-Rn.3 where R11-3 is 
-H, and where R] 1.2 is -H, 



15 3 1 2. A process for the preparation of a methyl ester (Vm) according to claim 3 1 1 
where R9 and Ri 1 are: 

(a) R| 1 is R| i.5:R| where one of R| 1.5 or R\ \^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of Ri 1.3 or Ri 14 is -H. 



20 3 13. A process for the preparation of a methyl ester (Vm) according to claim 3 10 
where Rt7 is selected from the group consisting of: 

(a) a-Ri7.7:p-Ri7-8 where R17.7 and R174 are taken with the attached caibon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the -CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

25 at R174 in the ^-orientation. 

(b) =0; 

(c) a-Ri7.i:P-Ri7.2 where Rn-i is -C^-H and where R17-2 is -OH; 
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(d)-<>C-CH2-0-Ri7.M. 

3 14. A process for the preparation of a methyl ester (VIII) according to claim 3 1 3 
where Ri? is: 

5 (a) a-Ri7.7:P-Ri7-8 where R17.7 and Rn^ are taken with the attached caibon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the -CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the Orientation. 

10 3 1 5. A process for the preparation of a mediyl ester (Vm) according to claim 3 10 
where the amount of the methylating agent is the same as the number of equivalents of 
base used or a very slight excess over that. 

3 16. A process for the preparation of a methyl ester (VM) according to claim 310 

1 S where the methylating agent is selected from the group consisting of dimethylsulfate, 
methyl iodide^ methyl bromide, trimethylphosphate, dimethylcarbonate and methyl 
chloroformate. 

3 1 7. A process for the preparation of a methyl ester (VIII) according to claim 316 
20 where the methylating agent is dimethylsul&te. 

3 1 8. A process for the preparation of a methyl ester (VIII) according to claim 310 
where the amount of base is from about 1 to about l.S equivalents. 

25 3 1 9. A process for the preparation of a methyl ester (VIQ) according to claim 3 1 0 
where the base is selected firom the group consisting of bicarbonate, carbonate, 
hydroxide and RtnseO' where R|»se is C1-C4 alkyl. 

320. A process for the preparation of a metiiyl ester (VIII) according to claim 3 1 9 
30 where the base is bicarbonate. 
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321. A process for the preparation of a methyl ester (Vm) according to claim 310 
where the methyl ester (Vm) is: 

17P-Hydroxy-7a-carbomethoxypregQa-4,9(l l)-dien-3-one-21-carbox^c acid, 
Y-Iactone. 

322. A process for the preparation of a caiboxylic acid of the formula (VI) 




or pharmaceutically acceptable salts thsrc of, where 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the 
1 0 other of R4.1 and R4.2 is taken together with Rs to form a second bond between the 
carbon atoms to which they are attached; is -H:-H; 
where R9 is: 

(1) -H, 

(2) -OH, 

15 (3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 

PROTECTING GROUP is selected fiom the group consisting of: 

-Si(-CH3)3. 

-Si(-CH2-CH3)3. 
-CO-CH3. 

20 -CO-H and 

-SiH(CHj)2. 

(4)-F; 
where Rii is: 

(i)=o. 

25 (2)-H:-H, 

(3) a-Rii.i:P-Rii.2 where Rn.i is: 

(a)-H, 
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(b) -O-R11.3 where R11.3 is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

5 and where Ri 1.2 is: 

(a) -H, 

(b) -O-Ri M where R| m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
10 HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of Rim and R11.2 must be -H, 

(4) Ri |.5:R| where one of Ri i-s or Ri and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or R| 1^ is 
-H, 

15 (5) a-Rii.7:p-R!i.8 where Rn.? and R9 are taken together with -O- to 

form an epoxide between C-9 and C-1 1 and R| is -H; 
where R17 is: 

(1) =0; 

(2) a-Ri7.i:p-Ri7.2 where R17.1 is: 
20 (a)-H, 

(b) -feC-H, 

(c) -C5N. 

(d) -C^-CH2-0-Ri7.i.i where Rn-i-i is selected Snm the 

group consisting of 
25 (i)-H, 

(ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

and are C1-C4 alkyl, 

(iii) 1-ethoxyethyI, 

(iv) 2-tetrahydropyranyI, 

30 (e) -CsC-CH2-0-(HYDR0XY PROTECTING GROUP) where 

HYDROXY PROTECTING GROUP is as defined above, 
(f)-CH2-CH2-CH2-OH, 
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(g) -<3l2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ■ and where R17.2 is -OH; 

(3) a-Ri7.3:P-Ri7^ where R^-a is -OH and where R|7^ is: 
5 (a)-CO-CH3, 

(b) -CO.CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7-5:p-R]7^ where R17.5 and R|7^ are taken with the attached 
carbon atom to fonn a three member epoxide containing -O-CH2- where the 

10 attachment of the -O is at R|7^ in the ^-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

(5) a-Ri7.7:P-Ri74 where R17.7 and Rn^ are taken with the attached 
caibon atom to form a five member lactone containing -O^CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

IS at R| 7^ in the p-orientation; 

(6) -0-CH(ORi7-9)-CH2-CH2 where the bond fi^m the oxygen (-0) 
is one of the four bonds at C- 17 in the P-configuration and the bond fiom the 
methylene group (CH2 ) is another of the four bonds at C- 17 in the a-configuration 
to foim a S member heterocycle containing one oxygen atom, where Rn^ is -H or Ci- 

20 C3 alkyl; 

(7) a-Ri7.ii:p-Ri7.i2 where Rn-io is -(CH2)|.2-CH=CH2 and R17-12 is 
-OH; which comprises: 

(1) contacting a S,7-lactone of formula (VII) 




25 where R4 is -H:-H; and where R3, R9, Ri 1 and R17 are as defmed above, with a 

reaction medium which as a pH > 7. 



.322- 



wo 03/082895 



PCTAJS03/07793 



323. A process for the preparation of a caiboxylic acid (VI) or a pharmac^dcally 
accq)table salts there of according to claim 322 where R9 and R] 1 are: 

(a) R| I is R| i.s:R] 1^ where one of R| |.s or R| <uid R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and die other of Ri 1.5 or Ri 1^ is -H; 
5 (b) a-Ri i.7:p-Ri m where R| 1.7 and R9 are taken together with -O to form an 

epoxide between C-9 and C-1 1 and R] is *-H, 

(c) R9 is -H and Ri t is a-R| m :fi-K} u2 where R] m is -0-Rt 10 where Ri 1.3 is 
-H, and where R| 1.2 is -H. 



1 0 324. A process for the preparation of a caiboxylic acid (VI) or a pharmaceuticaUy 
acceptable salts there of according to claim 323 where R9 and Ri 1 are: 

(a) R|i is Ri i.5:Ri 1^ where one of R| 1.5 or R| and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of R| 1.5 or Ri 1^ is -H. 



1 5 325. A process for the preparation of a caiboxylic acid (VI) or a phannaceutically 
acceptable salts there of accoiding to claim 322 where Rn is selected from the group 
consisting of: 

(a) a-Ri7.7:P-Ri7^ where R17.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

20 attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Rt74 in the p-orientation. 

(b) =0; 

(c) a-Ri7-i:P-Ri7-2 where Rn-i is -CsC-H and where R17.2 is -OH; 

(d) -CsC-CH2-0-Ri7-i-i. 

25 

326. A process for the preparation of a caiboxylic acid (VI) or a phannaceutically 
acceptable salts there of according to claim 32S where Rn is: 

(a) a-Ri7.7:P-Ri7^ where Ri7.7and R174 are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
30 attachment of the -CH2- is at R17.7 in the oc-orientation and the attachment of the -O is 
at R]74 in the ^-orientation. 
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327. A process for the preparation of a carboxylic add (VI) or a pharmaceutically 
acceptable salts there of according to claim 322 where the pH is kept > 7 with a base 
which is selected from the groiq> consisting of bicaifoonate, carbonate, hydroxide and 
RbaseO' where Rinse is C1-C4 alkyL 

5 

328. A process for die preparation of a carboxylic acid (VI) or a pharmaceutically 
acceptable salts there of according to claim 327 where the base is bicarbonate. 

329. A process for the preparation of a c£s-oxyenedione of the formula (X-cis) 




(X-cis) 



where 

(I) R3 is = O; R4 is R4.i:R4^ where one of R4.] and R4.2 is -H and the 
other of R4.1 and R4.2 is taken together with R5 to form a second bond between the 
1 s carbon atoms to which they are attached; R6 is -H:-H; 

(DI) R3 is a-R3.5:P-R3.6 where R3.5 is -O-R31 and K^^ is -O-R32 where 
R31 and R32 are the same or different and are selected from the group consisting of 
C1-C3 alky! and 

R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal of S or 
20 6 atoms of the formula 

KCH2HCR33R34)«I-(CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are -H and Ci*C3 alkyi; R4 is 
-H:-H; is R«-5:R6^ where one of lU-s and R*^ is taken together with R5 to form a 
25 second bond between the carbon atoms to which they are attached and the other of 
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R6.sandRMis-H; 

(IV) R3 is a-R3.7:p-R34 where R3.7 is -O-R31 and R^ is -O-R32 where 
R31 and R32 are as defined above; R4 is R4.7:R44 where one of R4.7 and R44 is taken 
together with R9 to fonn a second bond between the caibon atoms to which they are 
S attached and the other of R4.7 and R4^ is -H; R« is -H:-H; 
where R9 is: 

(1) -H. 

(2) -OH, 

(3) -CHHYDROXY PROTECTING GROUP) where HYDROXY 
10 PROTECTING GROUP is selected from the group consisting of: 

-Si(-CH3)3, 
^i(-CH2-CH3)3, 

-CO-CH3. 
-co-Hand 

15 -SiH(CH3)2, 

(4) -F; 
where R|] is: 

(1) =o. 

(2) -H:.H. 

20 (3) a-R| |.| :P-R| 1.2 where R| |.| is: 

(a) -H. 

(b) -O-Ri 1.3 where R| 1.3 is: 

(i) -H. 

(ii) a HYDROXY PROTECTING GROUP wh«e 
2S HYDROXY PROTECTING GROUP is as defined above, 

and where R||.2 is: 

(a) -H. 

(b) -0-R| M where R| m is: 

(O-H. 

30 (ii) a HYDROXY PROTECTING GROUP where 

HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of R| m and Ri 1.2 must be -H, 
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(4) R||.5:Rii^ where one of Rn.s or Rn^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or Rt 1^ is 

(5) apRii.7:^Rii-8 ^ere Rn.? and R9 are taken together with -O- to 
S form an epoxide between C-9 and C- 1 1 and R| 1^ is -H; 

where Ri? is: 

(1) =0; 

(2) a-Ri7.i:p-Ri7-2 where Rn-i is: 

(a)-H. 

10 (b)-CsC-H, 

(c) -feN, 

(d) -C^C-CHa-O-RiT.i.i where R17.M is selected &om the 

group consisting of 

(O-H. 

1 s (ii) -Si(Ri7.i.2)3 where R17-1.2 are the same or difiTerent 

andareCi-C4alkyl) 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyl, 

(e) -C^-CH2-0-(HYDR0XY PROTECTING GROUP) where 
20 HYDROXY PROTECTING GROUP is as defined above, 

(£)-CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O ' and where R17-2 is -OH; 
25 (3) a-Ri7.3:P-Ri7^ where R17.3 is -OH and where Rnj^ is: 

(a) -CO^H3, 

(b) -CO-CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7.5:P-Ri7-6 where Rn-s and Rn^ are taken with the attached 
30 caibon atom to fonn a three member epoxide containing -O-CH2- where the 

attachment of the -O is at Rn^ in the ^-orientation and the attachment of the CH2- is 
at Rn-s in the a-orientation; 
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(S) a-Ri7.7:^Ri7^ where Rn.Tand Ri?^ are taken with the attached 
caifoon atom to form a five member lactone containing -O-COCH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R17.8 in the ^-orientation; 
S (6) -0-CH(ORt7^)-CH2-CH2 where the bond from the oxygen (-0) 

is one of the four bonds at C- 1 7 in the ^-configuration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R17.9 is -H or C|- 
Caalkyl; 

10 (7) a.R|7-n:p-Ri7-i2 where R17.10 is -<CH2)i.2-CH=CH2 and Rp-u is 

where Rt» is selected from the group consisting of 
-H, 

Ci-Qalkylor 

15 phenyl optionally substituted with 1 or 2 

CrC4alkyl, 
CrQ alkoxy, 
vrhetc Rc is selected from the group consisting of: 
-H, 

20 C1-C4 alkyi, 

C1-C4 alkoxy» 

-0-Si(R)3 where the R's are the same or different and are C1-C4 
alkyI, -9, C1-C4 alkoxy and -OH, 
-F. -CI. -Br, -I, 
25 -CO-OCHaand 

-CO-Rc.1 where Rc-i is C1-C4 alkyl or -9; 
where R^s is selected from the group consisting of 
-H, 
-ON, 

30 C|-Cio alkyl; 

C1-C4 alkoxy; 

-CH2*OR<|.| where Rd-i is -H or C1-C4 alkyl. 
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-CH2-N(Rd4)2 where the two are the same or different and are: 
C1-C4 alky], 

-q>. 

-CO-Rd^ where Rd^a is C1-C4 alkyl or -9, 
5 -CH2-0-C0-Rd.i where Rd.i is as defined above, 

-CH(0R<i.])2 where R<i.] is as defined above and where the two R<i.| 
taken together are: 

-CH2-CH2-, 
-CH2-CH2-CH2-. 
10 .CHrC(CH3-)2-CH2-, 

-CH(-0-CO-R<i.i)2 where lUi is as defined above, 
-Si(R)3 where R is as defined above, 
-0-Si(R)3 where R is as defined above, 
-Sn(Rt>.i)3 where R^.! is as defined above, 
1 S -S-Rd.s where Rd-s is C1-C4 alkyl or Hp, 

-N(R<i^)2 where is as defined above, 
where Rc and taken together with the atoms to which they are attached to form 

El 




El 

where £1 are the same or different and are: 
20 -H, 

CrC4 alkyl, 
•F, -CI, -Br,. I, 
-OEm where Em is: 
-H, 

25 CrC4 alkyl, 

-<por 

-SiE1.2E1.3EM where £|.2,Ei.3 and Em are the same or 
different and are CrC4 alkyl or C1-C4 alkoxy, 

-S-E1.5 where E1-5 is C1-C4 alkyl or -9, 
-328. 
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-S-(0)i.2*E|.s where is as defined above, 

-N(Rd-6)2 where the two R^^ are the same or different and are 



as defined above. 



-P(0X0-E|.i)2 where Em is as defined above, 
-Si(R)3 where R is as defined above; ^ich comprises: 
(1) contacting a Ta-substituted steroid of formula (II) 




(11) 



where R7.1 is a molecular fragment of the formula (-A1) 

// w 



10 or of the formula (-A2) 




(-A1) 



(^) 



IS 



20 



where X\ is: 
-S-, 
-O- or 

-NX|.i- and where Xm is: 
-H, 

CrC4alkyl, 

-CO-OX1.2 where X1.2 is C,-C4 alkyl or-CH2-9, 

-CO-Xk2 where X1.2 is as defmed above, 

-CO-9 where -9 is substituted in the o-position with 



^0-0-(Ci-C4 alkyl). 



-SQ2-(Ci-C3 alkyl), 
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-SQz-q) vdieie q> is optionally substituted with 1 or 2 
Ci-CUalkyl, 
C1-C4 alkoxy; 
>^ere Rb, Rc and Rd are as defined above; 
5 -CE|=M (-B) 

where E| is as defined above and 
where M is: 

(1) =o. 

(2) =N-E2 where E2 is selected from the group consisting of 
10 -H 

CrC4 alkyl, 

C1-C4 alkenyl containing 1 or 2 double bonds> 
C1-C4 alkynyl containing 1 triple bond, 
.CO-OE2.1 where E2.1 is -H or C1-C4 alkyl, 
1 5 -C(E2.i)2-OE2.2 where E2.1 are the same or different and are as 

defined above and where E2.2 is 

C1-C4 alkyl, 
-<por 

-Si(R), where the three R are the same or different and 



20 are defined above, 



-OE2,2 where E2.2 is as defined above, 

-S-E2-3 where E2.3 is C1-C4 alkyl or -9, 

-S-(0)i.2-E2.3 where E2.3 is as defined above, 

-N(R<i^)2 where the two Rd6 are the same or different and are as 



25 defined above; 



•Si(R)3 where the three R are as defined above; 
(3) =C(E2)2 where the E2 are the same or different and are as defined 

above, 

where Ei and E2 are taken together with the atoms to which they are attached 
30 to form a ring of S thru 7 members, optionally containing 3 thru S 
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-NXi-r whm X|.i is as defined above, 
-CE2= where E2 is as defined above, 

-C(Rb}2- where Rb is as defined above, and optionally containing 1 or 2 



5 



additional double bonds; 



-CsC-Ej 
where E2 is as defined above; 



(-C) 



^H2-CH=CH2 



(-D1) 
(-D2) 
(-D3) 



10 



-CH=C=CH2 
-CH2-C^C-H 



where R3, R4> RS, R6, R9» Rn and Rn are as defined above; with ozone in the 
presence of a C1-C4 alcohol and 

(2) contacting the mixture of step (1) with a hydroperoxy-deoxygenating agent. 

IS 330. A process for the preparation of a ci.s-oxyenedione (K-cis) according to claim 
329 where R3, R4, R5 and Rs are selected from the group consisting of: 

(I) R3 is = O; R4 is R4.1 :R4-2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with K$ to form a second bond between the caibon 
atoms to which they are attached; R6 is -H:-H; 

20 (ID) R3 is a-R3_5:P-R3^ where R3,5 is -O-R31 and R3^ is -O-R32 where R31 and 

R32 are taken with the attached -O-C-0- to form a cyclic ketal of S atoms of the 
formula •(CH2HCR33R34)„i-(CH2)- where ni is 0; R4 is -H:-H; R6 is R«.5:R^ where 
one of R«.5 and Re-e is taken together with R5 to form a second bond between the 
caifoon atoms to which they are attached and the other of R6.s and R6^ is -H; 

25 (m) R3 is a-R3.s:p-R3^ where R3.S is -O-R31 and R3.6 is -OR32 where R31 and 

R32 are taken with the attached -0-C-O- to form a cyclic ketal of 6 atoms of the 
formula -(CH2HCR33R34)nKCH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 
R4 is -H:-H; R« is R6-s:R«4 where one of Re-s and R^^ is taken together with R5 to 
form a second bond between the carbon atoms to which they are attached and the 

30 other of R6.3 and R^^ is -H. 
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33 1 . A process for the preparation of a CA^-oxyenedione (X-c£r) according to claim 
330 where R3, R4, Rs and R6 are: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
S atoms to which they are attached; R^ is -H:-H. 

332. A process for the preparation of a ct^-oxyenedione (X-c£r) according to claim 
329 where R9 and R\i are: 

(a) R| I is Ri i.s:Ri 1^ where one of R| 1.5 or R| 1^ and R9 are taken together with 
10 R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or Ri 1^ is -H; 

(b) a-R| i.7:p-Ri m where R| 1.7 and R9 are taken together with -O- to fonn an 
epoxide between C-9 and C-1 1 and Rn^ is -H, 

(c) R9 is -H and R| 1 is a-Ri i.i :P-Ri 1.2 where R| \.\ is -0-R| 1.3 where R| t.3 is 
-H, and where Ri 1.2 is -H. 

IS 

333. A process for the preparation of a cts-oxyenedione (X-cis) according to claim 
332 where R9 and R| 1 are: 

(a) Rii is Ri].s:Ri 1^ where one of R11.5 or Rn^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of Rii.s or Rn^ is -H. 

20 

334. A process for the preparation of a cu-oxyenedione (X-cis) according to claim 
329 where Rn is selected from the group consisting of: 

(a) a-Ri7.7*P-Ri7-8 where R17.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

25 attachment of the CH2- is at R]7.7 in the a-orientation and the attachment of the -O is 
at R17.8 in the ^-orientation. 

(b) =0; 

(c) a-Ri7-i:p-Ri7-2 where Rp.i is -(>C-H and where R17.2 is -OH; 

(d) -OC-CH2-O-R17-1-1. 

30 

335. A process for the preparation of a cu-oxyenedione Qi-cis) according to claim 
334 where R17 is: 
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(a) a-Ri7.7:p*Ri7^ where R17.7 and R174 are taken with the attached caibon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R174 in the P-orientation. 



336. A process for the preparation of a cu-oxyenedione (X-cis) according to claim 
329 where the adduct is of formula (Al) 



10 337. A process for the preparation of a cir-oxyenedione (Xrcis) according to claim 
336 where Xi is -0-. 

338. A process for the preparation of a ctf-oxyenedione QL-cis) according to claim 
336 where Rb and Rc are -H. 

IS 

339. A process for the preparation of a cis-oxyenedione (X-cis) according to claim 
336 where Rd is Cialkyl. 

340. A process for the pr^aration of a C£f-oxyenedione (X-cu) according to claim 
20 336 where Ra is -H. 

34 1 . A process for the preparation of a c£f-oxyenedione (X-c/s) according to claim 
329 where the adduct is of formula (A2) 



342. A process for the preparation of a ctf-oxyoiedione (X-^is) according to claim 
341 v^ereXi is-O-. 



5 





25 
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343. A process for the preparation of a cu-oxyenedione Qi-cis) according to claim 
341 where Rb and Rd are Ci alkyl. 

5 344. A process for the preparation of a cu-oxyenedione (X-cu) according to claim 
341 where Re is -H. 

345. A process for the preparation of a cu-oxyenedione (Xrcis) according to claim 
341 where Ra is -H. 

10 

346. A process for the preparation of a cu-oxyenedione (X-cis) according to claim 
329 where the adduct is (B) 

Re-CE,=M (B) 

15 347. A process for the preparation of a c£s-oxyenedione (K-cis) according to claim 
329 where the adduct is (C) 

Ra-C^-E2 (C) 

348. A process for the preparation of a cis-oxyenedione Qi-cis) according to claim 
20 329 where the adduct is selected fix>m the group consisting of (Dl), (D2) and (D3) 

R^-CH2-CH=CH2 pi) 
R«-CH=C=CH2 (D2) 
Ra-CH2-C^C.H (D3) 

2S 349. A process for the preparation of a c£s-oxyenedione (K-cis) according to claim 
329 where the hydroperoxy-deoxygenating agent is selected from the group consisting 
of: 

Q1Q2S where Qi and Q2 are the same or different and are 
C1-C4 alkyl, 
30 phenyl, 
bisulfite, 
sulfite. 
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thiosulfate, 

tetrahydrothiophene, 

(C1-C4 dUk^h phosphite, 

(C]-C4 alk^)3 phosphine, 
5 triphenylphosphine, 

hydrosulfite, 

thiourea, 

butyl vinyl ether, 

tetramethylethylene. 
1 0 zinc and acetic acid, 

tetramethylethylene and 

2-methylfuian. 

350. A process for the preparation of a cu-oxyenedione (X-cts) according to claim 

1 S 349 where the hydropeioxy-deoxygenating agent is selected fix>m the group consisting 
of trimethylphosphite, tributylphosphite, triphenylphosphine and tributylphosphine. 

35 1. A process for the preparation of a cu-oxyenedione (Xrcis) according to claim 
350 where the hydroperoxyKleoxygenating agent is trimethylphosphite. 

20 

352. A process for the preparation of a cis-oxyenedione (Xrcis) according to claim 
329 where the alcohol is C| and C3 alcohols. 

353. A process for the preparation of a cis-oxyenedione (X-cis) according to claim 
25 352 where the alcohol is a Ci alcohol. 

354. A process for the preparation of a cis-oxyenedione (X-cis) according to claim 
329 where the cis-oxyenedione (X-cis) is: 

1 7P-hydroxy-7a-(ctf-3 '-acetoxyaciyloyl)-pregna-4,9(l l)-dien-3-one-2 1 - 
30 carboxylic acid, Y-l^ctone. 

355. A process for the preparation of a /^a/u-oxyenedione of the formula (X-trans) 



-335- 



wo 03/082895 



PCT/US03/07793 




(X-trans) 



where 

(1) R3 is = O; R4 is R4-i:R4-2 where one of R4.1 and R4.2 is -H and the 
other of and R4.2 is taken together with R5 to form a second bond between the 

5 carbon atoms to which they are attached; is -H:-H; 

(HI) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and R3^ is -O-R32 where 
R31 and R32 are the same or different and are selected fiom the group consisting of 
CrC3 alkyl and 

R31 and R32 are taken with the attached -OC-O- to form a cyclic ketal of S or 
10 6 atoms of the formula 

KCH2HCR33R34)n!-(CH2). 

where ni isOor 1; 

where R33 and R34 are the same or different and are -H and Ci-Cs alkyl; R4 is 
-H:-H; R6 is R6.s:R6^ where one of R«.5 and R^^ is taken together with Rs to form a 
1 5 second bond between the carbon atoms to which they are attached and the other of 
R^s and R6^ is —H; 

(TV) R3 is a-R3.7:P-R3^ where R3.7 is -O-Rai and R34 is -O-R32 where 
R31 and R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R4^ is taken 
together with R5 to form a second bond between the carbon atoms to which they are 
20 attached and the other of R4.7 and R44 is -H; R6 is -H:-H; 
where R9 is: 

(D-H. 

(2) -OH, 

(3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 
25 PROTECTING GROUP is selected from the group consisting of 

-Si(-CH3)3, 
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.Si(-CH2-CH3)3. 
^0-CH3, 
-CO-Hand 
.SiH(CH3)2. 

5 (4)-F; 

where Ri I is: 

(1) =o, 

(2) -H:.H, 

(3) a-RiM:p-Rn.2 where Rim is: 
10 (a)-H. 

(b) -0-Ri 1.3 where Ri 1.3 is: 

(i) "H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

15 and where R] 1.2 is: 

(a) -H, 

(b) -0-R| M where R| 1.4 is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP where 
20 HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of Ri |.] and R| 1.2 must be -H, 

(4) Ri i.siRi 1^ where one of R| 1.5 or R| 1-6 and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of Ri 1.5 or Ri 1^ is 
-H, 

25 (5) a-Ri i-7:P-Ri where R| 1.7 and R9 are taken together with -O- to 

form an epoxide between C-9 and C-1 1 and Ri is -H; 
where Ri7 is: 

(1) =0; 

(2) a-Ri7-i:P-Ri7-2 where R|7.i is: 
30 (a)-H, 

(b) -CsC-H, 

(c) -CeN. 
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(d) -<^-CH2-0-Ri7.M where Rt7.i.] is selected fiom the 

group consisting of 

(i) -H, 

(ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

s and are Ci-Ca alky], 

(iii) 1-ethoxyethyl, 

(iv) 2-tetrahydrDpyranyl, 

(e) -feC-CH2-0-(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

10 (f)-CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-<HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O " and where R17.2 is -OH; 

(3) a-Ri7.3-P-Ri7^ where Rno is -OH and where Ri7^ is: 
15 (a)-C0-CH3, 

(b) -CO-CH2-OH, 

(c) -CO-CH2-0-CO-(CH2)o-3-CH3; 

(4) a-Ri7.s:P-Ri7-6 where R17.S and Rp^ are taken with the attached 
caibon atom to form a three member epoxide containing -0-CH2- where the 

20 attachment of the -O is at R|7^ in the P-orientation and the attachment of the CH2- is 
at R17.S in the O'-orientation; 

(5) a-Ri7>7:P-Ri7-s where Rt7.7 and Rn^ are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

25 at R174 in the p-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond firom the oxygen (-0) 
is one of the four bonds at C- 17 in the P-configuration and the bond fi:om the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where R17.9 is -H or Ct- 

30 C3 alkyl; 

(7) a-Ri7.ii:P-Ri7-i2 where Rn-io is -(CH2)i.2-CH=CH2 and R17-12 is 

-OH; 
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where Rb is selected from the group consisting of 
C]-C4 alkyl or 

phen^ optionally substituted with 1 or 2 
5 Ci-C4aUQrl, 

CrC4 aikoxy, 
where Rc is selected from the group consisting of: 
-H, 

C1-C4 alk)1, 
10 C1-C4 aikoxy, 

-0-Si(R)3 where the R's are the same or different and are -H, C1-C4 
alk^, -cp, C1-C4 aikoxy and -OH, 
.F,<:i..Br,.I. 
-CO-OCH3 and 
15 -CO-Rc-i where Rc-i is C1-C4 alkyl or -<p; 

where is selected from the group consisting of 

-ON, 

CrCio alkyl; 
20 C1-C4 aikoxy; 

-CH2-0R<n where Rd.i is -H or C1-C4 alkyl, 
-CH2-N(Rd^)2 where the two R<i^ are the same or different and are: 
C1-C4 alkyl, 

25 -C0-R<^6a where R<^6a is C1-C4 alkyl or -9, 

•CH2-0-CO-R<n where Rd-i is as defined above, 
-CH(0Rd.i)2 where Rd-i is as defined above and where the two Rd.i 
taken together are: 

-CH2-CH2-, 
30 .CH2-CH2-CH2-, 

-CH2-C(CH3-)2-CHr, 
-CH(-0-C0-R<|.i)2 where R4.1 is as defined above. 
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-Si(R)3 where R is as defined above, 
-0-Si(R)3 where R is as defined above, 
-Sn(Rb.|)3 where Rb-t is as defined above, 
-S-R<i.s where R^s is Ci-Q alk^ or Hp» 
5 -N(R<m)2 where is as defined above, 

where Rc and R<| taken together with the atoms to vAnch they are attached to form 




El 

where E| are the same or different and are: 
-H, 

10 Ci-C4alkyl, 

-F, -CI, -Br, -I, 
-OE|.i where Em is: 
-H, 

C1-C4 alkyl, 
15 -<por 

-Si£i.2BioBM where Ei.2,E].3 and Em are the same or 
different and are C1-C4 alkyl or C^Ca alkoxy, 

-S-E1.5 where E1.5 is C^Ca alkyl or Hp, 
-S-(0)|.2-E|-5 where E1.5 is as defined above, 
20 -N(R<i^)2 where the two are the same or different and are 

as defined above, 

-P(0)(0-E|.i)2 where Em is as defined above, 
-Si(R)3 where R is as defined above; which comprises: 
(1) contacting a c&r-oxyenedione of the formula (X*cu) 
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(X<is) 



where R3, R4, R5, R6> R9» Rn, R17, Rb> Rc and R<| are as defined above, with 
an isomerization catalyst selected from the group consisting of: 
(a) a strong acid of pK« of < about 2; 



356. A process for the preparation of a />Yins-oxyenedione (X-trans) according to 
claim 355 where Ry^ R4, R5 and R^ are selected from the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
] 5 R4.1 and R4.2 is taken together with Rs to form a second bond between the carbon 
atoms to whidi they are attached; R« is -H:-H; 

(in) R3 is a-R3.s:P-R3^ where R3.s is -O-Rai and Rj^ is -O-R32 where R31 and 
R32 are taken with the attached -O-C-O- to form a cyclic ketal of S atoms of the 
formula -(CH2HCR33R34)Dr(CH2)- v/bsre ni is 0; R4 is -H:-H; R6 is R6.s:R«4 where 
20 one of R6.s and R^ is taken together with R5 to form a second bond between the 
caibon atoms to which they are attached and the other of R^-s and R6^ is -H; 

(HI) R3 is a-R3.5:P-R3^ where Rs-s is -O-R31 and R3-6 is -O-R32 where R31 and 
R32 are taken with the attached -O-C-O- to form a cyclic ketal of 6 atoms of the 
formula -(CH2HCR33R34)iii-(CH2> where ni is 1 and R33 and R34 are both C| alkyl; 
25 R4 is -H:-H; R« is R6-5:R64 where one of R6.5 and R^^ is taken together with R5 to 



10 



5 



(b) a tertiary amine whose conjugate acid has a pKo > about 8 and 

(c) sak of a tertiary amine whose conjugate acid has a pK<i > about 8, 

(d) l2, 

(e) (CrC4)3P, 

(f) 93P. 

(e) heating to about 80^ 
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form a second bond between the carbon atoms to which they are attadied and the 
other of R6.5 and is -H. 

357. A process for the preparation of a /roras-oxyenedione (X-trans) according to 
5 claim 356 where Ra. R4, Rs and R« are: 

(0 R3 is = O; R4 is R4-i:R4-2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attadied; R6 is -H:-H. 

10 358. A process for the preparation of a />ianjr-oxyenedione pi-trans) according to 
claim 355 where R9 and Rt 1 are: 

(a) R| I is Ri i.s:Ri i-6 where one of R| 1.5 or Rn^ and R9 are taken together with 
R9 to form a second bond between C-9 and C- 1 1 and the other of R| 1 .5 or R 1 1 ^ is -H; 

(b) a-R] i.7:p-Ri m where R] 1.7 and R9 are taken together with -O- to form an 
15 epoxide between C-9 and C-1 1 and R) is -H, 

(c) R9 is -H and Rn is a-Rii.i:p-Rii.2 where Rim is-O-Rno where Rn.3 is 
-H, and where R| 1-2 is -H. 



359. A process for the preparation of a /rans-oxyenedione (X-trans) according to 
20 claim 358 where R9 and R| 1 are: 

(a) Rn is Rii.5:Rii^ where one of Rn.^ or Rn^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-11 and other of R| 1.5 or R| 1^ is -H. 



360. A process for the preparation of a />'ans-oxyenedione (X-grans) according to 
25 claim 355 where R17 is selected from the group consisting of: 

(a) a-Ri7.7:p-Ri7-8 where R17.7 and R|7^ are taken with the attached carbon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

at R|7^ in the ^-orientation. 
30 (b)=0; 

(c) a-Ri7.i:P-Ri7-2 where R17-1 is -CsC-H and where R17.2 is -OH; 

(d) -CsC<:H2-0-Ri7.i-i. 
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361. A process for the preparation of a trons-oxyenedione (K-trans) according to 
claim 360 where Rp is: 

(a) a-Ri7.7:p-Ri7-8 where Ri?-? and Rp^ are taken with the attached caibon 
S atom to form a five member lactone containing -O-CO-CHrCHr where the 

attachment of the CHr is at Rn.? in the a-orientation and the attachment of the -O is 
at Ri7^ in the ^-orientation. 

362. A process for the prq)aration of a /n^n^-oxyenedione Qi-trans) according to 
1 0 claim 355 where Rb and Rc are -H. 

363. A process for the preparation of a rnm-oxyenedione pi-trans) according to 
claim 355 where R^ is Ci alkyl. 

IS 364. A process for the preparation of a />m;-oxyenedione (K-trans) according to 
claim 355 where the isomerization catalyst is a strong acid. 

365. A process for the preparation of a /r<ii»*oxyenedione Qi-trans) according to 
claim 354 where the strong acid is selected from the group consisting of hydrochloric 

20 acid, hydrobromic acid, hydroiodoic acid, hydrofluoroic acid, sulfuric acid, 
phosphoric acid, nitric acid, trichloroacetic acid and trifluoroacetic acid. 

366. A process for the preparation of a /mns-oxyenedione (X-trans) according to 
claim 365 where the strong acid is hydrochloric acid. 

25 

367. A process for the preparation of a /^orts-oxyenedione QC-trans) according to 
claim 355 where the tertiary amine is selected from the group consisting of (Q3)3N 
were Q3 is C1-C3 alkyl, DBU, DBN, DABCO, pyridine, /Mlimethylaminopyridine and 
pyrrolidinylpyridine. 

30 

368. A process for the preparation of a /iran^-oxyenedione (X-trans) according to 
claim 367 where the tertiary amine is pyridine hydrochloride. 
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369. A process for the preparation of a irans-oxyenedione Qi-trans) according to 
claim 355 where the /^oiu-oxyenedione (Xrtrans) is 

1 7p-hydroxy-7aK/^an5-3*-acetoxyacr^oyl)-pregna-4,9(l l)HUen-3-^^ 
5 carboxylic acid, y-Iactone. 

370. A process for the preparation of a hydroxy compound of formula (IV-OH) 



(IV-OH) 




where 

10 (I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the 

other of R4.1 and R4.2 is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached; R6 is -H>H; 

(HI) R3 is a-R3.5:P-R34 where Rs^ is -O-R31 and is -O-R32 where 
R31 and R32 are the same or difiTerent and are selected from the group consisting of 
15 CrC3 alkyl and 

R3] and R32 are taken with the attached -O-C-0- to form a cyclic ketal of 5 or 
6 atoms of the formula 

-(CH2HCR33R34Xi|-(CH2). 

where ni isOor 1; 

20 where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 

-H>H; R« is R6.s:R6^ where one of R6.s and R6^ is taken together with Rs to form a 
second bond between the carbon atoms to which they are attached and the other of 
R^-s and R^ is -H; 

(IV) R3 is a-R3.7:P-R3^ where R3-7 is -0-R3i and is -O-R32 where 

25 R3t and R32 are as defined above; R4 is R4.7:R4-8 ^^ere one of R4.7 and Ra^ is taken 
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together with Rs to fonn a second bond between the carbon atoms to which they are 
attached and the other of R4.7 and is -H; R6 is -H:-H; 
where R9 is: 
(D-H. 

5 (2) -OH. 

(3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected finm the group consisting of: 

-Si(-CH,)j. 
.Si(-CH2-CH,)3, 
10 -CO-CHj, 

•co-Hand 
-SiH(CH,)2. 

(4) -F; 
where R|| is: 

15 (I)=0. 

(2) -H:-H. 

(3) a-R||.i:P-R||.2 where Rim is: 

(a) -H. 

(b) -O-R11.3 where R||.3 is: 
20 (i)-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
and where Rii^ is: 

(a)-H. 

2S (b) -O-Ri 1^ where Rim is: 

(i)-H. 

(u) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of Ri i.i and Ri 1.2 must be -H, 
30 (4) R||.s:R|i4 where one of R11.5 or Rn^ and R9 are taken together 

with R9 to form a second bond between C-9 and C-1 1 and the other of Rii.s or R| is 
-H. 
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(S) a-R| i.7:p*Ri where R| 1.7 and R9 are taken together with -O- to 
foim an epoxide between C-9 and C-1 1 and Rn^ is -H; 
where Rn is: 
(1)=0; 

5 (2) a-Ri7.i :P-Ri7.2 vrtiere Rn-i is: 

(a) -H. 

(b) -CsC-H, 

(c) -<^. 

(d) -C^-CH2-0-Ri7.|.i where R17.1.] is selected from the 

1 0 group consisting of 

(i) -H, 

(ii) -Si(R|7.u2)3 where Rn-i-i are the same or different 

and are C1-C4 alkyl, 

(iii) 1-ethoxyethyl, 

1 S (iv) 2-tetrahydiopyranyl, 

(e) -CsC^H2-CKHYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH. 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
20 where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O " and where R17.2 is -OH; 

(3) a-Ri7.3:P-Ri7^ where R17.3 is -OH and where Rn^ is: 

(a) ^0-CH3, 

(b) -CO-CH2-OH, 

25 (c) -CO-CH2-O.CO-(CH2)o.3-CH3; 

(4) oe-Ri7.s:P-Ri7^ i^ere R17.S and Ri7^ are taken with the attached 
caibon atom to form a three member epoxide containing -O-CH2- where die 
attachment of the -O is at Rn^ in the P-orientation and the attachment of die CH2- is 
at R17.S in the a-orientation; 

30 (S) a-Ri7.7:p-Ri7-8 where R17.7 and R174 are taken with the attached 

carbon atom to form a five member lactone containing -O-C0-CH2-CH2- where the 



-346- 



wo 03/082895 



PCTAJS03/07793 



attachment of the CH2* is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the P-orientation; 

(6) -O-CH(0R|7.9)-CH2-CH2 where the bond finom the oxygen (-0) 
is one of the four bonds at C-17 in the P-wnfiguration and the bond from the 

S methylene group (CH2 is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where Rt7.9 is -H or Ci- 
Caalkyl; 

(7) a-Rj7.ii:P-Ri7.i2 where R17-10 is -(CH2)i.2-CH=CH2 and R17-12 is 

-OH; 

1 0 where Rb is selected from the group consisting of 

-H, 

CrC4 aikyl or 

phenyl optionally substituted with 1 or 2 
CrC4alkyl, 
15 CrC4alkoxy; 

where R7.2 is -H and C1-C4 alkyl optionally substituted with one or two 
-OH, or a hydroperoxy compound of formula (IV-OOH) 




(IV-OOH) 



where R3, R4, R5, R«, R7.2> R9, Ri 1, R17 and Rb are as defined above, or a 
biscarbonyl compound of formula (V) 
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where R3, R4, R5, R6, R9. Ri i, R17 and Rb are as defined above, or a caiboxylic 
acid offonnula(VI) 




5 where R3, R4, R5, R6, R9, Ri 1 and Rn are as defined above, or a mixture 

thereof, which comprises: 

(1) contacting an oxyenedione of the fonnula (X-cis) 




(X-ds) 



10 where R3, R4, R5, R^, R9, Rii, Ri7, Rb, Rc and R<| are as defined above or an 

oxyenedione of the fonnula (X-trans) 
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f?17 



(X-trans) 



O— CO — Rd 



where R3, R4, R5, Re. R9> Ri w Ri7> R^h Rc R<i are as defined above or 
mixture there of, with: 

ozone in the presence of an alcohol of the formula R7.2-OH where R7.2 is as 
5 defined above. 

37 1 . A process for die preparation of a hydroxy compound (TV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound of foimula (V), or a 
caiboxylic (VI) or mixture thereof according to claim 370 where the product is the 

1 0 hydroxy compound (IV-OH). 

372. A process for the preparation of a hydroxy compoimd (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibonyl compound of formula (V), or a 
carboxylic (VI) or mixture thereof according to claim 370 where the product is the 

1 S hydroperoxy compound (IV-OOH). 

373. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibonyl compound of formula (V), or a 
caiboxylic (VI) or mixture thereof according to claim 370 where the product is the 

20 biscarbonjd compound (V). 

374. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibonyl compound of formula (V), or a 
caiboxylic (VI) or mixture thereof according to claim 370 where the product is the 

25 caiboxylic acid (VI). 
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375. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy oompound (IV-OOH), or a biscarbonyl compound of formula (V)» or a 
carbox>4ic (VI) or mixture thereof according to claim 370 where the product is a 
mixture of two of the hydroxy compound (IV-OH), the hydroperoxy compound (IV- 

s OOH), the biscarbonyl compound of formula (V) or the caiboxylic (VQ. 

376. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), pr a biscaibonyl compound of formula (V), or a 
caiboxylic of formula (VI) or mixture thereof according to claim 375 where the 

10 product is a mixture of the hydroxy compound (TV-OH) and the hydroperoxy 
compound (IV-OOH). 

377. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH)» or a biscarbonyl compoimd of formula (V), or a 

15 caiboxylic of formula (VI) or mixture thereof according to claim 370 where the 
product is a mixture of three of the hydroxy compound (IV-OH), the hydroperoxy 
compoimd (IV-OOH), the biscaibonyl compound of formula (V) or the caiboxylic 
(VD. 

20 378. A process for the preparation of a hydroxy compoimd (IV-OH), or a 

hydroperoxy compound (IV-OOH), or a biscarbonyl compoimd of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 377 where the 
product is a mixture of the hydroxy compound (IV-OH), the hydroperoxy compound 
(TV-OOH) and the carboxylic (VI). 

25 

379. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 370 where the 
product is a mixture of all four of the hydroxy compound (IV-OH), the hydroperoxy 
30 compound (TV -OOH), the biscarbonyl compound of formula (V) and the carboxylic 
(VI). 
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380. A process for the preparation of a hydroxy compound (IV-OH), or a 

hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V), or a 

carboxylic of formula (VI) or mixture thereof according to claim 370 where R3, R5 

and R« are selected fiom the group consisting of: 
5 (I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 

atoms to whidi they are attached; R^ is -H>H; 

(HI) R3 is a-R3.s:p-R3.6 where R3.5 is -O-R31 and Ry^ is -O-R32 where R31 and 

R32 are taken with the attached -OC-0- to form a cyclic ketal of 5 atoms of the 
10 formula •(CH2HCR33R34)ni-(CH2)- where n, is 0; R4 is -H:-H; R^ is R6.5:R6^ where 

one of R6.S and R^^ is taken together with R5 to form a second bond between the 

carbon atoms to which they are attached and the other of R6.s and R^ is -H; 

(in) R3 is a-R3.5:P-R3^ where R3.S is -O-R31 and K^^ is -O-R32 where R31 and 

R32 are taken with the attached -O-C-0- to form a cyclic ketal of 6 atoms of the 
15 formula -(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 

R4 is -H:-H; R6 is R^^srlU^ where one of R6.5 and R^^ is taken together with R5 to 

form a second bond between the carbon atoms to which they are attached and the 

other ofR^-s and R^ is -H. 

20 381. A process for the preparation of a hydroxy compound (IV-OH), or a 

hydroperoxy compoimd (IV-OOH), or a biscarbonyl compoimd of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 380 where R3, R4» R3 
and R6 are: 

(I) R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the other of 
25 R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R^ is -H:-H. 

382. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compoimd (IV-OOH), or a biscarbonyl compound of formula (V), or a 
30 carboxylic of formula (VI) or mixture thereof according to claim 370 where R9 and 
Rn are: 
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(a) Ri I is R| i.s^Ri where one of R| 1.5 or R] 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of Ri i.s or Rn^ is -H; 

(b) a-Ri i.T.'P-Ri 14 where R| 1.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and Ri m is -H, 

5 (c) R9 is -H and R| 1 is a-Ri |.| :P-Ri 1.2 where Ri m is -ORi 1.3 where R\ 1.3 is 

-H, and where R| 1.2 is -H. 

383. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V), or a 
10 caiboxylic of formula (VI) or mixture thereof according to claim 382 where R9 and 
Rii are: 

(a) R] 1 is R| ].5:Ri 1^ where one of R| 1.3 or R| 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of R11.3 or Rim is-H. 

15 384. A process for the preparation of a hydroxy compound (IV-OH), or a 

hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 370 where Rn is 
selected fiiom the group consisting of: 

(a) a-Ri7.7:P-Ri7^ where R17.7 and R174 are taken with die attached carbon 
20 atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

attachment of the CH2- is at Rp.? in the a-orientation and the attachment of the -O is 
at Ri74 in the ^-orientation. 

(b) =0; 

(c) a-Ri7.i:p-Ri7.2 where R17.1 is -C^-H and where R17.2 is -OH; 
25 (d)-CsC.CH2-0-Ri7.i.i- 

385. A process for the preparation of a hydroxy compound (IV-OH), or a 
hydroperoxy compound (IV-(X)H), or a biscarbonyl compound of formula (V), or a 
caiboxylic of formula (VI) or mixture thereof according to claim 384 where R17 is: 
30 (a) a-Ri7.7*P-Ri7^ where R17.7 and Ri 7^ are taken with the attached caibon 

atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
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attachment of the CHr is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the P-orientation. 

386. A process for the preparation ofa hydroxy compound (IV-OH), or a 

5 hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V)> or a 
carboxylic of formula (VI) or mixture thereof according to claim 370 where Rb and Rc 
are-H. 

387. A process for the preparation of a hydroxy compound (IV-OH), or a 

10 hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 370 where R<| is Ci 
alkyl. 

388. A hydroxy compoimd (IV-OH) or hydroperoxy compound (IV-OOH) according 
IS to claim 370 where R7.2 is -H, C\ and iso-Cs. 

389. A hydroxy compoimd (IV-OH) or hydroperoxy compound (IV-OOH) according 
to claim 388 where R7.2 is a mixture of -H, Ci and iso-Ca. 

20 390. A process for the preparation of a hydroxy compound (IV-OH), or a 

hydroperoxy compoimd (IV-OOH), or a biscarbonyl compound of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 370 where the 
reaction mixture is cooled to about 0^. 

25 391 . A process for the preparation of a hydroxy compound (IV-OH), or a 

hydroperoxy compound (IV-OOH), or a biscarbonyl compoimd of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 390 where the 
reaction mixture is cooled to about -100^ to about -10^ 

30 392. A process for the preparation of a hydroxy compound (TV-OH), or a 

hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V), or a 
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caiboxylic of formula (VI) or mixture thereof according to claim 391 where the 
reaction mixture is cooled to about -78^ to about -20^ 

393. A process for the preparation of a hydroxy compound (IV-OH), or a 

5 hydroperoxy compound (IV-OOH), or a biscaibonyl compound of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 392 where the 
reaction mixture is cooled to about -50°. 

394. A process for the preparation of a hydroxy compoimd (IV-OH), or a 

10 hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 390 where the 
cooling is maintained during step (2). 

395. A process for the preparation of a hydroxy compound (IV-OH), or a 

1 5 hydroperoxy compound (IV-OOH), or a biscarbonyl compound of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 370 where the ozone 
is used as an ozone/oxygen mixture. 

396. A process for the preparation of a hydroxy compound (IV-OH), or a 

20 hydroperoxy compound (IV-OOH), or a biscarbonyl compoimd of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 370 where the 
contacting is perfomied by reacting the cty-oxyenedione (X-cw) or /ron^-oxyenedione 
(X-trans) or mixture there of, (1) with the alcohol R7-2-OH, and (2) contacting the 
mixture of step (1) with ozone. 

25 

397. A process for the preparation of a hydroxy compoimd (IV-OH), or a 
hydroperoxy compound (IV-OOH), or a biscaibonyl compound of formula (V), or a 
carboxylic of formula (VI) or mixture thereof according to claim 370 where the 
products produced is 

30 1 7P-hydroxy-7a-(2 *-hyd[roperoxy-2*-methoxyacetyl)pregna-4,9( 1 1 )-dien-3- 

one-21 -caiboxylic acid, y-lactone. 
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398. A process to prepare a carboxylic acid of formula (VI) 




or salt thereof where 

(I) R3 is = 0; R4 is R4.i:R4>2 where one of R4.1 and R4.2 is -H and the 
S other of R4.1 and R4.2 is taken together with Rs to form a second bond between the 
carbon atoms to which they are attached; R« is -H:-H; 

(EI) R3 is a-R3.s:P-R3^ where R3-5 is -O-R31 and is -O-Raa where 
R3] and R32 are the same or different and are selected from the group consisting of 
C1-C3 alkyl and 

to R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal of S or 

6 atoms of the formula 

-(CH2HCR33R34)nl-(CH2)- 

whereni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
15 -H:-H; R^ is R^-s:!^ where one of R6.s and R^^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of R^- 
5 and Re^ is -H; 

(IV) R3 is a-R3.7:P-R3^ where R3.7 is -O-R31 and Ra^ is -O-R32 where 
R3] and R32 are as defmed above; R4 is R4.7:R4^ where one of R4.7 and R4^ is taken 
20 together with R5 to form a second bond between the carbon atoms to which they are 
attached and the other of R4.7 and lU^ is -H; R« is -H:-H; 
where R9 is: 

(1) -H, 

(2) -OH, 

25 (3) -©-(HYDROXY PROTECTING GROUP) where HYDROXY 

PROTECTING GROUP is selected from the group consisting of: 

-Si(-CH3)3. 
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-Si(-CH2-CHj)3, 
-CO-CHj, 
•co-Hand 
.SiH(CH^)^ 

5 (4)-F; 

where R| I is: 

(1) =0. 

(2) -H:-H, 

(3) o-Rii.i:P-Rn.2 where Rim is: 
10 (a)-H, 

(b) -O-Ri 1.3 where Ri 1.3 is: 
(O-H. 

(ii) a HYDROXY PROTECTING GROUP wdieie 
HYDROXY PROTECTING GROUP is as defined above, 
IS andwhaeRii.2is: 

(a) -H. 

(b) -O-Ri M where R| m is: 

(i) -H, 

(ii) a HYDROXY PROTECTING GROUP v*eie 
20 HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of Ri |.| and R| 1.2 must be -H, 

(4) R| |.5:Ri where one of Ri 1.5 or Ri i< and R9 are taken together 
with R9 to form a second bond between C-9 and C-11 and the other of R| 1.3 or R| 14 is 
-H. 

25 (5) a-R| i.7:^-Ri i.« where R| 1.7 and R9 are taken together with -O- to 

form an epoxide between C-9 and C-1 1 and R| 14 is -H; 
where Kn is: 

(1) =0; 

(2) a-Ri7.i:p-Ri7-2 where R17.1 is: 
30 (a)-H, 

(b) -CaC-H. 

(c) -CbN, 
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(d) -<^-CH2-0-Ri7.M where Ri7.|.i is selected from the 

group consisting of 

(i)-H. 

(ti) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 

5 and are C1-C4 alkyl, 

(iii) l-ethoxyetfa)4, 

(iv) 2-tetrahydiopyranyl, 

(e) -feC-CH2-0-(HYDR0XY PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

10 (0 -CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
where HYDROXY PROTECTING GROUP is as defined above, 

(h) -<:H2-CH2-C0-0 " and where R17.2 is -OH; 

(3) a-Ri7-3'P-Ri7-4 where R17-3 is -OH and where R17-4 is: 
15 (a)-CO-CH3, 

(b) -€0-CH2-0H, 

(c) -CO-CH2-0-CO-(CH2)o-3-CH3: 

(4) a-R|7.5:P-Ri7-6 where R17.5 and Rn^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 

20 attachment of the -O is at Ri7^ in the p-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

(5) a-Ri7.7:P*Ri7^ where Ri7.7and R174 are taken with the attached 
carbon atom to form a five member lactone containing 'O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

25 at R174 in the ^-orientation; 

(6) -0-CH(ORi7.9)-CH2-CH2 where the bond fix)m the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond fit>m the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a 5 member heterocycle containing one oxygen atom, where Rn^ is -H or Cp 

30 C3 alkyl; 

(7) a-R|7-ii:p-Ri7.i2 where R17.10 is -<CH2)i-2-CH=CH2 and R17.12 is 
^H which comprises: 
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(1) contacting a 7a-substituted steroid of formula (II) 




(II) 



where R7.1 is a molecular fragment of the formula (-A1) 




(-A1) 



5 or of the formula (-A2) 



(-A2) 



10 



IS 



where Xi is: 
-0-or 

-NXi.i- and where Xi.j is: 
-H, 

Ci-C4alkyl, 

.CO-OX,.2 where X1.2 is C1-C4 alkyl or-CHj-v. 

-CO-X1.2 where X1-2 is as defmed above, 

-CO-9 where -9 is substituted in the o-position with 



-CO-0-(CrC4 alkyl). 



20 



-S02-(C,-C3 alkyl), 

-SO2-9 where 9 is optionally substituted with 1 or 2 
CrC4 alkyl, 
CrC4alkoxy; 
where is selected from the group consisting of 
-H, 
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CrC4 alkyi or 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 
C1-C4 alkoxy, 

5 where Rc is selected from the group consisting of: 

-H, 

CrC4 alkyl, 
CrC4 alkoxy, 

-C>-Si(R)3 where the R*s are the same or different and are -H, 
10 C1-C4 alkyl, -q>, CrC4 alkoxy and -OH, 

-F. -CI, -Br, -I, 
-CO-OCH3 and 

-CO-Rc-i where Rc-j is C1-C4 alkyl or-Kp; 
where Rd is selected from the group consisting of 
15 -H, 

Ci-Cio alkyl; 
CrC4 alkoxy, 

-CH2-0R<j-i where Ra-i is -H or C1-C4 alkyl, 
20 -CH2-N(R<i^)2 where the two R<w are the same or different and 

are: 

C1-C4 alkyl, 

-CO-Rd^ where Rd-6a is C1-C4 alkyl or -9, 
25 -CH2-0-C0-R<|.| where is as defined above, 

-CH(OR4.|)2 where R<n is as defined above and where the two 
V^i taken together are: 

-CH2-CH2-, 

-CH2-CH2-CH2-, 
30 •CH2-C(CH3-)2-CH2-, 

-CH(-0-C0-R<j.i)2 where R<j-i is as defined above, 
-Si(R)3 where R is as defined above. 
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-0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where Rb-i is as defined above, 
-S-Rd.5 where R^s is CrC4 alkyl or -<p, 
-NCRd^)! where Rd^ is as defined above, 
where Rc and R<i taken together with the atoms to which they are attached to form 

?! 




El 

where Ei are the same or difTerent and are: 
-H, 

CrC4 alkyl, 
10 -F, -CI, -Br, -I. 

-OEi-j where Em is: 
-H, 

CrC4 alkyl, 
-<por 

15 -SiEliEioEm where E|.2,Eu3 and Em are the same or 

different and are C1-C4 alkyl or C1-C4 alkoxy, 

-S-E1.5 where E1.5 is CrC4 alkyl or-q>, 

-S-(0)|.2-E|.5 where E1-5 is as defined above, 

-N(Rd^)2 where the two Rd^ are the same or different and are 

20 as defined above, 

-P(0)(0-Ei.i)2 where Em is as defined above, 
-Si(R)3 where R is as defined above; 

-CEfM (-B) 
where El is as defined above and 
25 where M is: 

(0=0. 

(2) =N-E2 where E2 is selected from the group consisting of 
•H 

C,-C« alkyl, 
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C1-C4 alken>d containing 1 or 2 double bonds, 
C1-C4 alkynyl containing 1 triple bond, 
-CO-OE2.1 where E2.1 is -H or C1-C4 alkyl, 
-C(E2.i)2-OE2.2 where E2.1 are the same or different and are as defined above 
S and where E2.2 is 

C1-C4 alkyl, 
-9 or 

-Si(R)3 where the three R are the same or different and are defined 

above, 

10 -OE2.2 where E2.2 is as defined above, 

-S-E2.3 where E2.3 is CrC4 alkyl or -9, 

-S-(0)i.2-E2.3 where E2.3 is as defined above, 

-N(Rd^)2 where the two Rd6 are the same or different and are as 

defined above; 

15 'Si(R)3 where the three R are as defined above; 

(3) =€(£2)2 where the E2 are the same or different and are as defined 

above, 

where £| and E2 are taken together with the atoms to which they are attached 
to form a ring of S thru 7 members, optionally containing 3 thru S 
20 -0-, 

-s., 

-N= 

-NX|.r where X|.| is as defined above, 
-CE2= where E2 is as defined above, 
25 -C(R|>)2- where Rb is as defined above, and optionally containing 1 or 2 

additional double bonds; 

OC'E2 (-C) 
where E2 is as defined above; 

.CH2-CH=CH2 (-D1) 
30 -CH=C=CH2 (-D2) 

-CH2-C^-H (.D3) 
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and where R3, R4, R5, Re, R9f Ri 1 and Ri7 are as defined above, with an agent selected 
from the group consisting ot 

(a) a halogenating agent in the presence of water and a base whose 
conjugate acid has a pKa of > about 8, 
5 (b) an oxygen donating agent, 

(c) electrochemical oxidation, 

(d) a quinone in the presence of water or 

(e) nonquinone oxidants; and 

(2) contacting the reaction mixture of step (1) with ozone in the presence of an 
10 alcohol of the formula R7.2-OH where R7.2 is -H and CrC4 alkyl optionally 

substituted with one or two -OH; 

(3) contacting the reaction mixture of step (2) with a hydroperoxy 
deoxygenating agent and 

(4) contacting the reaction mixture of step (3) with an oxidatively cleaving 

15 agent 



399. A process to prepare a carboxylic acid (VI) according to claim 398 where R3, R4, 

R5 and are selected from the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
20 R4-1 and R4.2 is taken together with R$ to form a second bond between the caibon 

atoms to which they are attached; R^ is -H:-H; 

(in) R3 is a-R3,5:P-R3^ where R3.5 is -O-R31 and R^^ is -O-R32 where R31 and 

R32 are taken with the attached -O-C-0- to form a cyclic ketal of 5 atoms of the 

formula -(CH2)-(CR33R34)nr(CH2)- where ni is 0; R4 is -H:-H; R« is R6.5:R«^ where 
25 one of R6.5 and R^ is taken together with R$ to form a second bond between the 

carbon atoms to which they are attached and the other of R6.s and 1^ is -H; 

(in) R3 is a-R3.$:P-R3^ where R3-5 is -O-R31 and R3-6 is -O-R32 where R31 and 

R32 are taken with the attached -O-C-0- to form a cyclic ketal of 6 atoms of the 

formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both C| alkyl; 
30 R4 is -H:-H; R* is R«.s:R6-6 where one of R^s and R^ is taken together with R5 to 

form a second bond between the carbon atoms to which they are attached and the 

other of R6.5 and R^ is -H. 
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400. A process to prepare a caiboxylic acid (VI) according to claim 399 where 
R3, R4, Rs and R6 are: 

(I) R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and R4.2 is -H and the other of 
5 R4.t and R4.2 is taken together with R3 to form a second bond between the carbon 
atoms to which they are attached; is -H:-H. 

401. A process to prepare a carboxylic acid (VI) according to claim 398 where 
R9and Rn are: 

10 (a) Ri t is R| |.5:R| ]^ where one of R| 1.5 or Ri 1^ and R9 are taken together with 

R9 to form a second bond between C-9 and C- 11 and the other of R| i.s or Rn^ is -H; 

(b) a-Rt i-7:P-Ri \s where Rt 1.7 and R9 are taken together with -O- to form an 
qx>xide between C*9 and C-1 1 and Ri ^ is -H, 

(c) R9 is -H and Rn is a-Rii.i:P-Rii.2 where Rim is -O-Rn-a where R11.3 is 
1 5 -H, and where R\ 1-2 is -H. 



402. A process to prepare a carboxylic acid (VI) according to claim 401 where 
R9andRn are: 

(a) R| I is Ri |.5:Ri 1^ where one of Ri 1.5 or Ri \^ and R9 are taken together with 
20 R9 to form a second bond between C-9 and C- 1 1 and other of Ri 1.3 or Ri ^ is -H. 

403. A process to prepare a carboxylic acid (VI) according to claim 398 where 
Rn is selected from the group consisting of: 

(a) a-Ri7.7:P-Ri7^ where Ri7.7and Rn-s are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|7^ in the ^-orientation. 

(b) =0; 

(c) a-Ri7.i:p-Ri7.2 where Rn-i is -<M}-H and where R17.2 is -OH; 

(d) -teC-CH2-0-Ri7-M. 

404. A process to prepare a carboxylic acid (VI) according to claim 403 where 
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Ri7 is: 

(a) a-Ri7.7:3-Ri74 where Ri7.7and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the atti^hment of the -O is 
s at R]7-8 in the P-orientation. 



AOS. A process to prepare a carboxylic acid (VI) according to claim 403 where 
die adduct is of formula (Al) 



RT^v^Rd 



(Al) 

10 

406. A process to prepare a carboxylic acid (VI) according to claim 405 where 
X| is-O. 



407. A process to prepare a carboxylic acid (VI) according to claim 405 where 
15 RbandRcare-H. 

408. A process to prepare a carboxylic acid (VI) according to claim 405 where 
Rd is Ci alkyl 

20 409. A process to prepare a carboxylic acid (VI) according to claim 405 where 
R«is-H. 



410. A process to prepare a carboxylic acid (VI) according to claim 398 where 
the adduct is of formula (A2) 

Rb .Rc 

(A2) 



XT' 
Ah. 



25 



411 . A process to prepare a caibox^ic acid (VI) according to claim 410 where 
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X| is-O-. 

41 2. A process to prq>aTe a caiboxylic acid (VI) according to claim 410 where 
Rb and R<| are C| alkyl. 

5 

413. A process to prepare a caiboxylic acid (VI) according to claim 410 where 
Rcis-H. 

414. A process to prepare a caiboxylic acid (VI) according to claim 410 where 
10 Rais-H. 

41 5. A process to prepare a caiboxylic acid (VI) according to claim 398 where 
the adduct is (B) 

Ra-CEi=M (B) 

15 

416. A process to prepare a caiboxylic acid (VI) according to claim 398 where 
the adduct is (C) 

Re-C^-E2 (C) 

20 417. A process to prepare a carboxylic acid (VI) according to claim 398 where 
the adduct is selected from the group consisting of (Dl), (D2) and (D3) 

Ra-CH2-CH=CH2 (Dl) 
Re-CH=C=CH2 (D2) 
IU.CH2-C^-H (D3) 

25 

418. A process to prepare a caiboxylic acid (VI) according to claim 398 where the 
oxygen donating agent is selected from the group consisting of: 
a peracid, 

singlet oxygen followed by either phosphite or thiourea, 
30 triplet oxygen, 

hydrogen peroxide with a ketone selected from the group consisting of Q4'CO- 
Q5 where Q4 and Q5 are the same or different and are 
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C1-C4 alkyl optionally substituted with 1 thru 9 -C\ or -F, and where 

the 

Q4 and Qs are taken together with the attached carbon atom to form a 
cyclic ketone of S thru 7 members and ketones of the formula: 




0^-0^2 all^ CrCi2 alkyl 
5 

and 



CH3 




10 hydrogen peroxide in combination with metbyltrioxorheniimi, 

trichloroacetonitrile/hydFOgen peroxide, 
trichloroacetamide/hydrogen peroxide, 
ODQ/water, 
/?-chloranil/water, 

1 5 q>-C(CH3)2-0-OH or an alkylhydroperoxide in combination with a metal 

containing activator, where alkyl is from C4-C10 alkyl and metal containing activator 
is selected from the group consisting of Ti(isopropoxide)4, peroxotungstophosphate, 
VO(acetylacetonate)2 and MO hexacarbonyl. 

20 419. A process to prepare a carboxylic acid (VI) according to claim 418 where the 
oxygen donating agent is a peracid. 
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420. A process to prepare a carboxylic acid (VI) according to claim 419 where the 
peracid is selected firom the group consisting of: 

(a) perbenzoic acid optionally substituted with 1 or 2 -CI or-N02, 
5 (b) percarboxylic acids of the formula Cii2(Q6)2h2+i-CQ3H vdiere 02 is 1 thru 4 

andQ^is-H^-Cl or-F, 

(c) peiphthalic acid and 

(d) magnesium peroxyphthalate. 

10 42 1 . A process to prepare a carboxylic acid (VI) according to claim 398 where the 
halogenating agent is selected firom the group consisting of: 

dibromodimethylhydantoin^ 

dichlorodimethylhydantoin, 

diiododimethylhydantoin, 
] 5 N-chlorosuccinamide, 

N-bromosuccinamide, 

N-iodosuccinamide, 

trichloroisocyanuric acid, 

r-butylhypochlorite, 
20 3-bromo-l-chloro-5,5-dimethylhydantoin. 

422. A process to prepare a carboxylic acid (VI) according to claim 42 1 where the 
halogenating agent is dibromodimethylhydantoin. 

25 423. A process to prepare a carboxylic acid (VI) according to claim 398 where at least 
one equivalent of the halogenating agent is used. 

424. A process to prepare a carboxylic acid (VI) according to claim 423 where from 
about 1 .0 to about l.OS equivalents of the halogenating agent are used. 

30 



-367- 



wo 03/082895 



PCTAJS03/07793 



42S. A pn>cess to prepare a carboxylic acid (VI) according to claim 398 where the 
base is selected fiom the group consisting of acetate, bicarbonate, carbonate, 
propionate, benzoate, dibasic phosphate and borate. 

5 426. A process to prepare a caiboxylic acid (VI) according to claim 42S where the 
base is acetate. 

427. A process to prepare a caiboxylic acid (VI) according to claim 398 where the 
quinone is selected from the group consisting of DDQ,p-chloranil and o-chloranil. 

10 

428. A process to prepare a caiboxylic acid (VI) according to claim 427 where the 
quinone is /^^hloranil. 

429. A process to prepare a carboxylic acid (VI) according to claim 398 where the 
15 nonquinone oxidant is selected from the group consisting of Mn"^^, Mn"*^^, Pb"^, Pd"^\ 

Ru*^^, Cr"^, eerie ammonium nitrate, iodosobenzene, iodobenzenebistrifluoroacetate, 
iodobenzenediacetate, tritylfluoroborate. 

430. A process to prepare a carboxylic acid (VI) according to claim 398 where the 
20 temperature of the reaction mixture for step (2) is from about -100^ to about 40^. 

43 1. A process to prepare a carboxylic acid (VI) according to claim 430 where the 
temperature of the reaction mixture for step (2) is cooled to about -78® to about -20®. 

25 432. A process to prepare a carboxylic acid (VI) according to claim 43 1 where the 
temperature of the reaction mixture is cooled to about -50®. 

433. A process to prepare a carboxylic acid (VI) according to claim 398 where the 
cooling is maintained during step (2). 

30 

434. A process to prepare a carboxylic acid (VI) according to claim 398 where the 
ozone is used as an ozone/oxygen mixture. 
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435. A process to prepare a carboxylic acid (VI) according to claim 398 where the 
contacting of step (2) is performed by contacting the mixture of step (1)» first with the 
alcohol R7.2-OH, and then with the ozone. 



436. A process to prepare a carboxylic acid (VI) according to claim 398 where R7.2 is 
-H, Ci and iso-Cs- 

437. A process to prepare a carboxylic acid (VI) according to claim 436 where R7.2 is 
10 a mixture of -H, C| and iso-Ca. 

438. A process to prepare a carboxylic acid (VI) according to claim 398 where the 
hydroperoxy-deoxygenating agent is selected from the group consisting of: 



5 



IS 



Q1Q2S where Qi and Q2 are the same or different and are 

C1-C4 alkyl, 

phenyl, 
bisulfite, 



30 



25 



20 



sulfite, 

thiosulfate, 

tetrahydrothiophene, 

(C1-C4 alkyl)3 phosphite, 

(CJ-C4 alkyl)} phosphine, 

triphenylphosphine, 

hydrosulfite, 

thiourea, 

butyl vinyl ether, 

tetramethylethylene. 

zinc and acetic acid, 

tetramethylethylene and 

2-methyifuran. 
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439. A process to prepare a carboxylic acid (VI) according to claim 438 where Qi and 
Q2 are both Ci aikyl and tfie hydroperoxy-deoxyg^ting agent is dimethylsulfide. 

440. A process to prepare a carboxylic acid (VI) according to claim 398 where the 
5 oxidatively cleaving agent is selected from the group consisting of: 

(1) hydrogen peroxide with a carboxylic acid forming agent selected from the 
group consisting of: 

(a) heat, 

(b) a base whose conjugate acid has a pKa of about 5 or above, 
10 (c) an acid which has a pKe of less than about 3, 

(d) an acylating agent and an acylation catalyst; 

(2) KHSO5; 

(3) hydrogen peroxide with a ketone selected from the group consisting of Q4- 
CO-Qs where Q4 and Q5 are the same or different and are: 

IS C I -C4 alkyl optionally substituted with 1 thru 9 -CI or -F, 

where the Q4 and Q5 are taken together with the attached carbon atom 
to form a cyclic ketone of S thru 7 members, and ketones of the formula: 




C1-C12 alkyl C1-C12 alkyl 
and 



CH3 



20 
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(4) hydrogen peroxide in combination with methyltrioxorhenium, 

(5) 9-C(CH3)2-C>-OH or an alkylhydroperoxide in combination with a metal 
containing activator, where alkyl is from C4-C10 alkyi and metal containing activator 
is selected from the group consisting of Ti(isopropoxide)4) peroxotungstophosphate, 

5 VO(acetylacetonate)2 and Mo hexacarbonyl; 

(6) peracids selected from the group consisting of 

(a) perbenzoic acid optionally substituted with 1 or 2 -CI or 

-NO2. 

(b) percarboxylic acids of the formula Cii2(Q6)2ii2'fri-C03H where 
10 n2 is 1 thru 4 and Q6 is -H, -CI or-F, 

(c) perphthalic acid, 

(d) magnesium peroxyphthalate. 

441. A process to prepare a carboxylic acid (VI) according to claim 440 where the 
1 5 oxidatively cleaving agent is: 

(1) hydrogen peroxide with a carboxylic acid forming agent. 

442. A process to prepare a carboxjdic acid (VI) according to claim 441 where the 
20 caiboxylic acid forming agent is a base. 

443. A process to prepare a carboxylic acid (VI) according to claim 442 where the is 
base is an inorganic base selected from the group consisting of hydroxide, 
bicarbonate, and carbonate and organic bases selected from the group consisting of 

25 (Q3)3N were Qi is C1-C3 alkyl, DBU, DBN, DABCO, pyridine and p- 
dimeth^aminopyridine. 

444. A process to prepare a carboxylic acid (VI) according to claim 443 where the 
base is bicaibonate. 

30 

445. A process to prepare a carboxylic acid (VI) according to claim 441 where the 
caiboxylic acid forming agent is an acid. 
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446. A process to prepare a caiboxylic acid (VI) according to claim 445 where the 
acid is selected from the group consisting of hydrochloric acid, sulfuric acid, 
phosphoric acid, nitric acid and organic acids of the formula of Rwid-i-COOH where 
Rflcid-i is -H and CrCa alkyl optionally substituted with 1 thru 3 -CI and -F. 

5 

447. A process to prepare a caiboxylic acid (VI) according to claim 446 where the 
acid is formic acid and trifluoroacetic acid. 

448. A process to prepare a carboxylic acid (VI) according to claim 441 where the 
1 0 caiboxylic acid forming agent is an acylating agent 

449. A process to prepare a carboxylic acid (VI) according to claim 448 where the 
acylating agent is the acylating agent is selected from the group consisting of Recid.2- 
CO-O-CO-Racid-2 where Racid-2 is -H, C1-C3 alkyl optionally substituted with 1 dim 3 

15 "CI and -F and -q). 

450. A process to prepare a carboxylic acid (VI) according to claim 449 where the 
acylating agent is acetic anhydride or trifluoracetic anhydride. 

20 45 1 . A process to prepare a caiboxylic acid (VI) according to claim 398 where the 
caiboxylic acid (VI) is 

17P-hydroxypregna-4,9(ll)-dien-3-one-7oe,2I-dicaiboxylic acid, Y-lactone. 

452. A process to prepare a carboxylic acid of formula (VI) 




Sir 



COOH 



25 



or salt thereof where 
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(1) Ra is = O; R4 is R4-i:R4-2 where one of R4.1 and R4-2 is -H and the 
other of R4.1 and R4.2 is taken together with Rs to form a second bond between the 
caibon atoms to which they are attached; is -H:-H; 

(HI) R3 is a-R3.5:P-Rv6 where R3.S is -O-R31 and Rs^ is -0-R32 where 
5 R31 and R32 are the same or different and are selected from die group consisting of 
C1-C3 alkyl and 

R31 and R32 are taken with the attached -0-C-O- to form a cycUc ketal of S or 
6 atoms of the fonnula 

-(CH2HCR33R34)„KCH2). 

10 whereni isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
-H:-H; R^ is R^-s^R^^ where one of R^-s and R^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R6.5 and R64 is -H; 

15 (IV) R3 is a-R3.7:P-R3^ where R3.7 is -^-R3i and R^^ is -O-R32 where 

R31 and R32 are as defined above; R4 is R4.7:R4.8 where one of R4.7 and R4^ is taken 
together with Rs to form a second bond between the caibon atoms to which they are 
attached and the other of R4.7 and R4.8 is -H; R« is -H:-H; 
where R9 is: 

20 (1)-H, 

(2) -OH, 

(3) -0-(H[yDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING GROUP is selected from the group consisting of: 

.Si(-CH3)3, 

25 -Si(-CH2-CH3)3, 

-CO-CH3. 
-CO-H and 
.SiH(CH3)2. 

(4) -F; 
30 where Ri lis: 

(1) =o. 

(2) -H:-H. 
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(3) a-RiM:p-Rii.2V^ereRii.| is: 

(a) -H. 

(b) -0-R| 1.3 where Ri 1-3 is: 

(i) -H, 

5 (ii) a HYDROXY PROTECTING GROUP where 

HYDROXY PROTECTING GROUP is as defined above, 
and where Ri 1-2 is: 

(a) -H, 

(b) ^-Ri M where R|m is: 
10 (i)-H, 

(ii) a HYDROXY PROTECTING GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 

with the proviso that one of Ri m and R] 1.2 niust be -H, 

(4) Ri i.jiRi 1-6 where one of Rn.5 or Rn^ and R9 are taken together 

IS with R9 to fonn a second bond between C-9 and C-1 1 and the other of K\ 1.5 or R| 14 is 
-H, 

(5) a-R| i.7:P-Ri i-s where Ri 1.7 and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Ru^ is -H; 

where Ri7 is: 
20 (1)=0; 

(2) a-Ri7.i:P-Ri7-2 where Rp-i is: 

(a) -H, 

(b) -feC.H, 

(c) -C5N, 

25 (d) -C5C-CH2-0-Ri7.|.i where R17.M is selected from the 



group consisting of 



(O-H, 

(ii) -Si(Ri7.i.2)3 where R17.1.2 are the same or different 



andareCi-C4alkyl, 
30 (iii) 1-ethoxyethyl, 

(iv) 2-tetrahydropyranyl, 
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(e) -<M;<:H2-0.(HYDR0XY PROTECTINO GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 
{f)-CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-CKHYDROXY PROTECTING GROUP) 
5 where HYDROXY PROTECTING GROUP is as defined above, 

(h) -CH2-CH2-CO-O • and where R17.2 is -OH; 

(3) a-Ri7.3*P-Ri7-4 where R17.3 is -OH and where Rn^ is: 

(a) -CaCH3, 

(b) -CO-CH2-OH, 

10 (c) -CO.CH2-0-CO-{CH2)o.3-CH3: 

(4) a-Ri7.5:P-Ri74 where Rn.sand R|7^ are taken with the attached 
caibon atom to form a three member epoxide containing -O-CH2- v/bere the 
attachment of the -O is at Rn^ in the p-orientation and the attachment of the CH2- is 
at R17.5 in the a-orientation; 

15 (5) a-Ri7.7:p-Ri7-8 where R17.7 and Rn^ are taken with the attached 

caibon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at R|74 in the ^-orientation; 

(6) -0-CH(OR|7.9)-CH2-CH2 where the bond bom the oxygen (-0) 
20 is one of the four bonds at C- 17 in the P-configuiation and the bond fiom the 

methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 
to form a S member heterocycle containing one oxygen atom, where Rn^ is -H or Ci- 
Csalkyl; 

(7) a-R|7-n:p-Ri7.i2 where Rn-io is -(CH2)|.2-CH=CH2 and R17.12 is 
25 -OH which comprises: 

(1) contacting a 7a-substituted steroid of formula (U) 




(II) 
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where R7.1 is a molecular fragment of the fonnula (-A1) 



or of the fonnula (-A2) 



(-A1) 



5 where Xi is: 

-S-, 
-O-or 

-NXi.r and where Xm is: 
-H, 

10 CrC4alkyl, 

-CO-OX1.2 where X1.2 is CrC4 alkyl or ^H2-9. 

-CO-X1.2 where X|.2 is as defined above, 

-CO-q) where -9 is substituted in the opposition with 

-C0-0-(Ci-C4 alkyl), 
15 -S02-(C|-C3 alkyl), 

-S02-(p where (p is optionally substituted with 1 or 2 
CrC4 alkyl, 
CrC4 alkoxy; 
where Rb is selected from the group consisting of 
20 -H, 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
C|-C4alk34, 
C1-C4 alkoxy, 

25 where Rc is selected from the group consisting of: 

-H. 

C,-C4 alkyl, 
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CrC4 alkoxy, 

-0-Si(R)3 where the R's are the same or different and are -H, 
Cx-Ca alkyl, -9, C1-C4 alkoxy and -OH, 
-F,^l,-Br..I, 
5 -CO-OCHjand 

-CO-Rc-i where is Ci-C4 alkyl or -9; 
where Rd is selected from the group consisting of 

-ON, 

10 Ci-Cio alkyl; 

C|-C4 alkoxy; 

-CH2-0R<n where Rd-i is -H or C1-C4 alkyl, 

-CH2*N(R4i^)2 where the two R<|^ are the same or different and 

are: 

15 C1-C4 alkyl, 

-9. 

-CO-R<i^ where R<i-6a is C1-C4 alkyl or -<p, 
-CH2-0-CO-R<n where R<i-i is as defined above, 
-CH(0R<|.|)2 where R^-i is as defined above and where the two 
20 R<|.| taken together are: 

.CH2-CHr, 

-CH2-CH2-CH2-, 

-CH2-C(CH3.)2-CH2-. 
-CH(-0-C0-R<n)2 where R<i.i is as defined above, 
25 -Si(R)3 where R is as defined above, 

-0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where Rb.i is as defined above, 
-S-R<|.5 where R<i.5 is C1-C4 alkyl or -9, 
-N(Rd^)2 where Rd^ is as defined above. 
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where Rc and R<i taken together with the atoms to which they are attached to form 

El 




El 

where £i are the same or different and are: 

5 CrC4aikyl, 

-F, -CI, -Br, -I, 
-OE|.i where E|.| is: 
-H, 

CrC4 alkyl, 
to -<por 

-SiE1.2E1.3EM where £1.29 E1.3 and Em are the same or 
different and are CrC4 alkyl or CrC4 alkoxy, 

-S-E1.5 where Ei,5 is CrC4 alkyl or -9, 
-S-(0)i.2-Ei.5 where E1.5 is as defined above, 
15 -N(R<i.6)2 where the two are the same or different and are 

as defined above, 

-P(0)(0-Ei.i)2 where E\.\ is as defined above, 
-Si(R)3 where R is as defined above; 

-CEi=M (-B) 
20 where E| is as defined above and 

where M is: 

(1) =0, 

(2) =N-E2 where E2 is selected fiom the group consisting of 

-H 

25 C1-C4 alkyl» 

C1-C4 alkenyl containing 1 or 2 double bonds, 
C1-C4 alkynyl containing 1 triple bond, 
-CO-OEm where E2-1 is -H or C1-C4 alkyl, 
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-C(E2.i)rOE2.2 where E2.1 are the same or different and are as defined above 
and where E2.2 is 

C1-C4 alkyl, 
spor 

5 -^i(R)3 where the three R are the same or different and are defined 

above, 

-OE2-2 where E2.2 is as defined above, 

-S-E2.3 where E2.3 is C1-C4 alkyl or-<p, 
-S-(0)i.2-E2.3 where E2.3 is as defined above, 
10 *N(R<i^)2 where the two R<i6 are the same or different and are as 

defined above; 

-Si(R)3 where the three R are as defined above; 
(3) =C(E2)2 where the E2 are the same or different and are as defined 

above, 

IS where E] and E2 are taken together with the atoms to which they are attached 

to form a ring of 5 thru 7 members, optionally containing 3 thru 5 

•S-, 

-N= 

20 -NXi_i- where Xm is as defined above, 

-CE2= where E2 is as defined above, 

-C(Rb)2- where Rb is as defined above, and optionally containing 1 or 2 
additional double bonds; 

-C<:.E2 K) 
25 where E2 is as defined above; 

-CH2-CH=CH2 (-D1) 
-CH=C=CH2 (-D2) 
<:H2-(>C-H (-D3) 
and where R3, R4, R5. Re, R9, Ri \ and Rn are as defined above, with 
30 ( 1 ) ozone in the presence of an alcohol of the fonnula R7.2-OH where R7.2 is - 

H and C1-C4 alkyl optionally substituted with one or two -OH; 
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(2) contacting the reaction mixture of step (1) with a hydropeioxy 
deoxygenating agent and 

(3) contacting the reaction mixture of step (2) with an oxidatively cleaving 

agent. 

5 

453. A process to prepare a caitx>xylic acid (VI) according to claim 452 where R3, R4, 
R5 and R« are selected &om the group consisting of: 

(I) R3 is = O; R4 is R4.i:R4-2 where one of R4-1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
10 atoms to which they are attached; is -H:-H; 

(ID) R3 is a-R3.5:p-R3^ where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 
R32 are taken with the attached -0-C-O- to form a cyclic ketal of 5 atoms of the 
formula -(CH2>(CR33R34)ni-(CH2)- where ni is 0; R4 is -H>H; R^ is R^5:R6^ where 
one of R6.S and R^^ is taken together with R5 to form a second bond between the 
15 carbon atoms to which they are attached and the other of R6.5 and R6^ is -H; 

GII) R3 is a-R3.5:p-R3^ where R3.S is -O-R3! and Rs^ is '^R32 where R31 and 
R32 are taken with the attached -O-C-0- to form a cyclic ketal of 6 atoms of the 
formula -(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 
R4 is -H:-H; R^ is R6-5:R6-6 where one of R6.5 and R6^ is taken together with R5 to 
20 form a second bond between the carbon atoms to which they are attached and the 
other of Re.5 and R6^ is -H. 



454. A process to prepare a carboxylic acid (VI) according to claim 453 where 
R3, R4, R5 and R6 are: 

25 (I) R3 is = O; R4 is R4.i:R4-2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
atoms to which they are attached; R6 is -H:-H. 

455. A process to prepare a carboxylic acid (VI) according to claim 452 where 
30 R9andRnare: 

(a) R| I is Ri |.5:R| 1^ where one of Ri 1.5 or R| 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the other of R| 1.5 or Ri is -H; 
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(b) a-Ri i.7:P-Ri where R| 1.7 and R9 are taken together with -O- to form an 
epoxide between C-9 and C-1 1 and Ri is -H, 

(c) R9 is -H and R| 1 is a-R| m :P-Ri 1.2 ^ere Ri |.| is -O-Ri 1.3 where R| ^ is 
-H, and where Ri 1-2 is -H. 

5 

456. A process to prepare a caxboxylic acid (VI) according to claim 455 where 
R9 and Ri 1 are! 

(a) R| I is Ri i.5:Ri 1^ where one of Ri 1.5 or R| 1^ and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and other of R| 1.3 or Ri is -H. 
10 4S7. A process to prepare a caiboxylic acid (VI) according to claim 452 where 
Ri7 is selected from the group consisting of: 

(a) a-Ri7.7:P-Ri74 where R17.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 

IS at R| 7^ in the ^-orientation. 

(b) =0; 

(c) a-Ri7.t:p-R|7.2 where Rn-i is -C^-H and where R17.2 is -OH; 

(d) -(M^CH2-0-Ri7.i.i. 

20 458. A process to prepare a carboxylic acid (VI) according to claim 457 where 
Ri7 is: 

(a) a-Rt7-7:p-Ri7^ where Rn.7 and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
25 at Ri7^ in the ^-orientation. 

459. A process to prepare a carboxylic acid (VI) according to claim 452 where 
the adduct is of formula (A 1 ) 




-381- 



wo 03/082895 



PCT/US03/07793 



10 



15 



20 



2S 



460. A process to prepare a caiboxylic acid (VI) according to claim 4S9 where 
Xi is -0-. 

461 . A process to prepare a carboxylic acid (VI) according to claim 4S9 where 
RbandRcare-H. 

462. A process to prepare a caiboxylic acid (VI) according to claim 459 where 
is Ci alkyl. 

463. A process to prepare a caiboxylic acid (VI) according to claim 459 where 
Rais-H. 

464. A process to prepare a carboxylic acid (VI) according to claim 452 where 
the adduct is of formula (A2) 



465. A process to prepare a caiboxylic acid (VI) according to claim 464 where 
Xi is-O-. 

466. A process to prepare a caiboxylic acid (VI) according to claim 464 where 
Rb and Rd are Ci alkyl. 

467. A process to prepare a caiboxylic acid (VI) according to claim 464 where 
Rcis-H. 

468. A process to prepare a carboxylic acid (VI) according to claim 464 where 
R.is-H. 

469. A process to prepare a carboxylic acid (VI) according to claim 452 where 
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the adduct is (B) 

R.-CEFM (B) 

. 470. A process to prepare a caiboxylic acid (VI) according to claim 452 where 
S the adduct is (C) 

Re-(^-E2 (C) 

471. A process to prepare a carfooxylic acid (VI) according to claim 452 where 
the adduct is selected from the group consisting of (Dl), (D2) and (D3) 

10 Ra-CH2-CH=CH2 (Dl) 

Ra-CH=C=CH2 (D2) 
Ra-CH2-<>C-H (D3) 

472. A process to prepare a carboxylic acid (VI) according to claim 452 where the 
IS temperature of the reaction mixture for step (1) is from about -100^ to about 40°. 

473. A process to prepare a carboxylic acid (VI) according to claim 472 where the 
temperature of the reaction mixture for step (1) is cooled to about -78° to about -20°. 

20 474. A process to prepare a carboxylic acid (VI) according to claim 473 where the 
temperature of the reaction mixture is cooled to about -50°. 

475. A process to prepare a carfooxylic acid (VI) according to claim 472 where the 
cooling is maintained during step (1). 

25 

476. A process to prepare a carboxylic acid (VI) according to claim 452 where the 
ozone is used as an ozone/oxygen mixture. 

477. A process to prepare a carboxylic acid (VI) according to claim 452 where the 

30 contacting of step ( 1 ) is performed by reacting the 7a-substituted steroid (II) first with 
the alcohol R7.2-OH, and then with the ozone. 
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478. A process to prepare a caiboxylic acid (VI) according to claim 452 where R7.2 is 
-H» Ci and iso-Cs. 

479. A process to prepare a caiboxylic acid (VI) according to claim 478 where R7.2 is 
s a mixture of -H, Ct and iso-Cj. 

480. A process to prepare a caiboxylic acid (VI) according to claim 452 where the 
hydroperoxy-deoxygenating agent is selected from the group consisting of: 

Q1Q2S where Qi and Q2 are the same or different and are 
10 CrC4 alkyl, 

phenyl^ 

bisulfite, 

sulfite, 

thiosulfate, 
IS tetrahydrothiophene, 

(CrC4 alkyl)3 phosphite, 

(CrC4 alkyl )3 phosphine, 

triphenylphosphine, 

hydrosulfite, 
20 thiourea, 

butyl vinyl ether, 

tetramethylethylene. 

zinc and acetic acid, 

tetramethylethylene and 
2S 2-methylfuraiL 

481 . A process to prepare a carboxylic acid (VI) according to claim 480 where Qi and 
Q2 are both Ci alkyl and the hydroperoxy-deoxygenating agent is dimethylsulfide. 

30 482. A process to prepare a caiboxylic acid (VI) according to claim 452 where the 
oxidatively cleaving agent is selected from the group consisting of: 
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(1) hydrogen peroxide with a caihoxylic acid fonning agent selected from the 
group consisting of: 

(a) heat, 

Qo) a base whose conjugate acid has a pKo of about 5 or above, 
5 (c) an acid which has a pKe of less than about 3, 

(d) an acylating agent and an acylation catalyst; 

(2) KHS05; 

(3) hydrogen peroxide with a ketone selected from the group consisting of Q4- 
CO-Qs where Q4 and Q5 are the same or different and are: 

10 C| -C4 alkyl optionally substituted with 1 thru 9 -CI or -F, 

where the Q4 and Q5 are taken together with the attached carbon atom 
to form a cyclic ketone of 5 thru 7 members, and ketones of the formula: 



0 



15 




(4) hydrogen peroxide in combination with methyltrioxorhenium, 

(5) <p-C(CH3)2-0-OH or an alkjdhydroperoxide in combination with a metal 
containing activator, where alkyl is from C4-C]o alkyl and metal containing activator 

20 is selected from the group consisting of Ti(isopropoxide)4, peroxotungstophosphate, 
VO(acetylacetonate)2 and Mo hexacaibonyl; 
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(6) peracids selected from the group consisting of 

(a) peibenzoic acid optionally substituted with 1 or 2 -CI or 

-NO2, 

(b) percaiboxylic acids of the formula Cn2(Q6)2n^M-CQ3H where 
S niis 1 thru4andQ6is-H,-Clor-F, 

(c) perphthalic acid, 

(d) magnesium peroxyphthalate. 

483. A process to prepare a carboxylic acid (VI) according to claim 482 where the 
10 oxidatively cleaving agent is: 

(1) hydrogen peroxide with a carboxylic acid forming agent 



484. A process to prq>are a carboxylic acid (VI) according to claim 483 where the 
1 s carboxylic acid forming agent is a base. 



48S. A process to prepare a carboxylic acid (VI) according to claim 484 where the is 
base is an inorganic base selected from the group consisting of hydroxide, 
bicarbonate, and carbonate and organic bases selected from the group consisting of 
20 (Q3)3N were Q3 is C1-C3 alkyl, DBU, DBN, DABCO, pyridine and 
dimethylaminopyridine. 



486. A process to prepare a carboxylic acid (VI) according to claun 48S where the 
base is bicarbonate. 

487. A process to prepare a carboxylic acid (VI) according to claim 483 where the 
carboxylic acid forming agent is an acid. 



488. A process to prepare a carboxylic acid (VI) according to claim 487 where the 
30 acid is selected from the group consisting of hydrochloric acid, sulfuric acid, 

phosphoric acid, nitric acid and organic acids of the formula of Radd-i-COOH where 
Rttcid.1 is -H and Ci-Ca alkyl optionally substituted with 1 thm 3 -CI and -F. 
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489. A process to prepare a caiboxylic acid (VI) according to claim 488 where the 
acid is formic acid and trifluoroacetic acid. 

490. A process to prepare a caiboxylic acid (VI) according to claim 483 where the 
S caiboxylic acid forming agent is an acylating agent. 

491 . A process to prepare a carboxylic acid (VI) according to claim 490 where the 
acylating agent is the acylating agent is selected from the group consisting of 
Racii^z-CO-O-CO-R^cid-: where Racid.2 is -H, C1-C3 alkyl optionally substituted with 1 

10 thru 3 -CI and -F and -9. 

492. A process to prepare a caiboxylic acid (VI) according to claim 490 where the 
acylating agent is acetic anhydride or trifluoracetic anhydride. 

1 5 493. A process to prepare a carboxylic acid (VI) according to claim 452 where the 
carboxylic acid (VI) is 

17P-hydroxypregna-4,9(l l)-dien-3-one-7oc»21-dicaiboxylic acid» y-lactone. 

494. A process to prepare a caiboxylic acid (VI) according to claim 452 where the 
20 carboxylic acid (VI) is subjected to a reaction medium which has a pH of less than 
about 5 to obtain a bislactone of formula (VII) 




where R2, R3, R4> R9> Ri 1 and Ri 7 are as defined above. 

25 495. A process to prepare a carboxylic acid (VI) according to claim 494 where the 
reaction medium contains water and has a pH of less than about 5. 
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496. A process to prepare a caiboxylic acid (VI) according to claim 495 where the 
reaction medium contains either a strong acid of pK« less than about 2 or a catalytic 
amount of base. 

5 497. A process to prepare a carboxylic acid (VI) according to claim 496 where the 
caiboxylic acid (VI) is reacted with aqueous acid. 

498. A process to prepare a carboxylic acid (VI) according to claim 497 where the 
acid is present in an amount firom catalytic to excess. 

10 

499. A process to prepare a carboxylic acid (VI) according to claim 497 where the 
acid is selected fix>m the group consisting of fluorosulfonic, chlorosulfonic, 
benzenesulfonic, p-toluenesulfonic, methanesulfonic, trifluoromethanesulfonic, 
trifluoroacetic, trichloroacetic, hydrochloric, sulfuric, phosphoric and nitric. 

15 

500. A process to prepare a carboxylic acid (VI) according to claim 499 where the 
benzenesulfonic,/^>toluenesulfonic or methanesulfonic. 

501. A process for the preparation of a carboxylic acid of formula (VI) 




where 

(I) Ry is = O; R4 is R4.1 :R4-2 where one of R4.1 and R4.2 is -H and the 
other of R4.1 and R4.2 is taken together with R5 to form a second bond between the 
carbon atoms to which they are attached; is -H:-H; 
25 (m) R3 is a-R3.5:p-R3-6 where R3.5 is -O-R31 and R3-6 is -O-R32 where 

R31 and R32 are the same or different and are selected from the group consisting of 
CrC3 alkyl and 



-388- 



wo 03/082895 



PCT/US03/07793 



R31 and R32 are taken with the attached to form a cyclic ketal of S or 

6 atoms of the formula 

-(CH2)KCR33RM)nI-<CH2)- 

whereni isOor 1; 

5 where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 

-H:-H; R« is R^-srR^^ where one of R^s and R^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R«.5 and R6^ is -H; 

(IV) R3 is a-R3.7:P-R3-« where Rs,? is -O-R31 and R3-« is -O-R32 where 
10 R31 and R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R4^ is taken 
together with Rs to form a second bond between the carbon atoms to which they are 
attached and the other of R4.7 and R44 is -H; R« is -H>H; 
where R9 is: 

(1) -H, 

15 (2) -OH, 

(3) -0-(HYDROXY PROTECTING GROUP) where HYDROXY 
PROTECTING CROUP is selected from tbe group consisting of: 

-Si(-CH3)3. 
-Si(-CH2.CH3)3, 

20 -CO-CH3, 

-CO-H and 
-SiH(CH3)2, 

(4) -F; 
where R|| is: 

25 (1)=0. 

(2) -H:-H, 

(3) a-Ri i.i :p-Ri 1.2 where R| |.| is: 

(a) -H. 

(b) -0-Ri 1.3 where Ri 1.3 is: 
30 (i)-H. 

(ii) a HYDROXY PROTECTINO GROUP where 
HYDROXY PROTECTING GROUP is as defined above, 
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and where Ru-2 is: 

(a) -H, 

(b) -O-Ri M where Ri m is: 

(i)-H, 

5 (ii) a HYDROXY PROTECTING GROUP where 

HYDROXY PROTECTING GROUP is as defined above, 
with the proviso that one of Rim and Riu2 niust be -H, 

(4) R| i.s:R| M where one of Ri 1.5 or R) 1^ and R9 are taken together 
with R9 to form a second bond between C-9 and C-1 1 and the other of Ri i.s or Ri 1^ is 

10 -H, 

(5) a-R| i.7:P-Ri 1-8 where Rn.? and R9 are taken together with -O- to 
form an epoxide between C-9 and C-1 1 and Rn^ is -H; 

where R| 7 is: 
(1)=0; 

15 (2) a-Ri7.i :p-Ri7-2 where Rn-i is: 

(a) -H, 

(b) -CsC-H, 

(c) -CsN, 

(d) -CMJ-CH2-0-Ri7.|.i where Rp-i-i is selected from the 

20 group consisting of 

(i) -H, 

(ii) -Si(Ri7.].2)3 where R17.1-2 are the same or different 

and are Ci-C4 alkyl, 

(iii) 1-ethoxyethyl, 

25 (iv) 2-tetrahydropyranyi, 

(e) -CsC.CH2-0-(HYDROX Y PROTECTING GROUP) where 
HYDROXY PROTECTING GROUP is as defined above, 

(f) -CH2-CH2-CH2-OH, 

(g) -CH2-CH2-CH2-0-(HYDROXY PROTECTING GROUP) 
30 where HYDROXY PROTECTING GROUP is as defined above. 

(h) -CH2-CH2-CO-O • and where R,7.2 is -OH; 
(3) a-Ri7.3:P-Ri7^ where R17.3 is -OH and where Rn^ is: 
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(a) -ca<:H3, 

(b) -CCM:H2-0H. 

(c) -CO-CH2-aCO<CH2)o.3-CH3; 

(4) a-Ri7.5:p-Ri7-6 where R17.S and Ri?^ are taken with the attached 
5 caibon atom to fonn a three member epoxide containing -0*CH2- where the 

attachment of the -O is at R174 in the ^-orientation and the attachment of the CH2- is 
at R17.S in the a-orientation; 

(5) a-R|7.7:P-Ri7-8 where R17.7 and R17-8 are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

10 attachment of the CH2- is at R]7.7 in the a-orientation and the attachment of the is 
at Ri7^ in the ^-orientation; 

(6) -0-CH(OR|7.9)-CH2-CH2 where the bond from the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 

15 to form a 5 member heterocycle containing one oxygen atom» where Rn^ is -H or Cr 
Csalkyl; 

(7) a-Ri7.ii:p-Ri7-i2 where Rn.io is ^CH2)i-2-CH=CH2 and R17.12 is 
-OH; which comprises: 

(1) contacting a cis oxyenedione of the formula (Xrcis) 




(X-cis) 



or a trans oxyenedione of the formula (X-trans) 
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(X-trans) 



or mixture thereof 

where Rb is selected from the group consisting of 
-H, 

5 Ci-Ca alkyl or 

phenyl optionally substituted with 1 or 2 
CrC4 alkyl, 
C1-C4 alkoxy; 

where Rc is where Rc is selected from the group consisting of: 
10 -H, 

C1-C4 alkyl, 
C1-C4 alkoxy, 

-0-Si(R)3 where the R*s are the same or different and are -H, 
C1-C4 alkyl, -<p, C1-C4 alkoxy and -OH, 
15 -F. -CI, -Br, -I, 

-CO-OCHjand 

-CO-Rc-i where Rc.i is C1-C4 alkyl or Hp; 
where Rd is selected from the group consisting of 
-H, 

20 -ON, 

Ci-Cio alkyl, 
C1-C4 alkoxy; 

-CH2-0Rd.i where R<|.i is -H or C1-C4 alkyl, 

-CHrN(Rd4)2 where the two R^^ are the same or different and 

25 are: 

C1-C4 alkyl, 
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-9, 

-CO-R<K6& where Rd^ is C1-C4 alk^ ornp, 
-CHa-O-CO-Rd-i where R<|.| is as defined above, 
-CH(0R<i.i)2 where R^i is as defined above and where the two 
5 Rd.1 taken together are: 

-CH2-CH2-1 
-CH2-CH2-CH2-, 
-CH2-C(CH3-)2-CH2-, 
-CH(-0-CO-R<i-i)2 where R<n is as defined above, 
10 -Si(R)3 where R is as defined above, 

-0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where Rb-i is as defined above, 
-S-Rd-s where Rd.5 is Ci-Ca alkyl or -<p, 
-N(R<w)2 where Rd-6 is as defined above, 
IS where Rc and R<| taken together with the atoms to which they are attached to fonn 

El 




where E| are the same or different and are: 
-H, 

C1-C4 alkyl, 
20 -F, -CI, -Br, -I, 

-OEi-i where E|.i is: 
-H, 

C1-C4 alkyl, 
-9 or 

25 -SiE1.2E1.3EM where E].2, E1.3 and Em are the same or different 

and are C1-C4 alkyl or C]-C4 alkoxy, 

-S-E1.5 where E1.5 is C1-C4 alkyl or Hp, 
-S-{0)|.2*Ei.5 where E1.5 is as defined above. 
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-N(Rd4)2 where the two are the same or different and are as 

defined above, 

-P(0)(0-£i.i)2 where E|.i is as defined above, 
-Si(R)3 where R is as defined above, 
5 and where R3, R4» R5, R^, R9, Ri 1, K^n* are as defined above, with an oxidatively 
cleaving agent. 



S02. A process for the preparation of a caiboxylic acid (VI) according to claim 501 

where R3, R4, R5 and R^ are selected fix>m the group consisting of: 
10 (I) R3 is = O; R4 is R4-1 :R4.2 where one of R4-1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 

atoms to which they are attached; R^ is -H:-H; 

(ID) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 

R32 are taken with the attached -O-C-O- to form a cyclic ketal of 5 atoms of the 
1 5 formula -(CH2)-(CR33R34)ni-(CH2)- where m is 0; R4 is -H:-H; is R6.5:R6^ where 

one of R^5 and R^^ is taken together with R5 to form a second bond between the 

carbon atoms to which they are attached and the other of R^-s and R6-6 is -H; 

(m) R3 is a-R3.5:P-R3^ where R3.5 is -O-R31 and R^^ is -OR32 where R31 and 

R32 are taken with the attached -O-C-O- to form a cyclic ketal of 6 atoms of the 
20 formula -(CH2HCR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 

R4 is -H:-H; R^ is R^5:R6-6 where one of R^s and R^ is taken together with R5 to 

form a second bond between the caibon atoms to which they are attached and the 

other of R6.5 and R^-e is -H. 



25 503. A process for the preparation of a carboxylic acid (VI) according to claim 501 
where R9 and Rn are: 

(a) Ri 1 is Ri i-5:R| m where one of R| 1.5 or R| and R9 are taken together with 
R9 to form a second bond between C-9 and C-1 1 and the oth^ of R| 1.5 or R] 1^ is -H; 

(b) a-Ri i.7:P-Ri M where Ri 1.7 and R9 are taken together with -O- to form an 
30 epoxide between C-9 and C-11 and Ri is -H, 

(c) R9 is -H and Rn is a-Rn.i:p-Rii-2 where Ru.i is -O-R11.3 where R11.3 is 
-H, and where Ri 1.2 is -H. 
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504. A process for the preparation of a caiboxylic acid (VI) according to claim 501 
where Ri? is selected from the group consisting of: 

(a) a-Ri7.7:P-Ri7^ where Ri?.? and Ri?^ are taken with the attached caibon 
5 atom to form a five member lactone containing -0-CC)-CH2-CH2- where the 

attachment of die CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri74 in the ^-orientation. 

(b) =0; 

(c) a-Ri7.i:P-Ri7-2 where Rn-i is -OC-H and where R17-2 is -OH; 
10 (d)-CsC-CH2-0-Ri7-M. 

505. A process for the preparation of a caiboxylic acid (VI) according to claim 250 
where Rb and Rc are-H. 

15 506. A process for the preparation of a caiboxylic acid (VI) according to claim 250 
where R^ is Ci alkyl. 

507. A process for the preparation of a caiboxylic acid (VI) according to claim 501 
where the oxidatively cleaving agent is selected from the group consisting of: 
20 (1 ) hydrogen peroxide with a carboxylic acid forming agent selected from the 

group consisting of: 

(a) heat, 

(b) a base whose conjugate acid has a pKa of about 5 or above> 

(c) an acid which has a pKa of less than about 3, 
25 (d) an acylating agent and an acylation catalyst; 

(2) KHSO5; 

(3) hydrogen peroxide with a ketone selected from the group consisting of Q4- 
CO-Qs where Q4 and Q5 are the same or difTerent and are: 

C1-C4 alkyl optionally substituted with 1 thru 9 -CI or-F, 
30 where the Q4 and Q5 are taken together with the attached carbon atom 

to form a <9clic ketone of 5 thru 7 members, and ketones of the formula: 
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CrCi2alkyl CrCt2all(yl 
and 




S (4) hydrog^ peroxide in combination with methyltrioxortienium, 

(S) q>-C(CH3)2-0-OH or an alkylhydroperoxide in combination with a metal 
containing activator, where alkyi is from C4-Cio alkyl and metal containing activator 
is selected from the group consisting of Ti(isopropoxide)4, peroxotungstophosphate, 
VO(acetylacetonate)2 and Mo hexacarbonyl; 
1 0 (6) peracids selected from the group consisting of 

(a) perbenzoic acid optionally substituted with 1 or 2 -CI or 

-NO2, 

(b) percaiboxylic acids of the formula Cn2(Q6)2|i2+i-C03H where 
n2isl tfaru4andQ6is-H, -Clor-F, 

1 S (c) perphthalic acid, 

(d) magnesium peroxyphthalate. 

508. A process for the preparation of a caiboxylic acid (VI) according to claim S07 
where the oxidatively cleaving agent is: 
20 (1 ) hydrogen peroxide with a caiboxylic acid forming agent. 
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509. A process for the preparation of a carfooxylic acid (VI) according to claim 508 
where the carboxylic acid forming agent is a base. 

5 5 10. A process for the preparation of a caiboxylic acid (VI) according to claim 509 
where the is base is an inorganic base selected from the group consisting of hydroxide, 
bicarbonate, and carbonate and organic bases selected from the group consisting of 
{QihN were Q3 is C1-C3 alkyl, DBU, DBN, DABCO, pyridine and 
dimethylaminopyridine. 

10 

5 1 1 . A process for the preparation of a caiboxylic acid (VI) according to claim S 1 0 
^ere the base is bicarbonate. 

5 12. A process for the preparation of a caiboxylic acid (VI) according to claim 508 
1 s where the carboxylic acid forming agent is an acid . 

513. A process for the preparation of a caiboxylic acid (VI) according to claim 512 
where the acid is selected from the group consisting of hydrochloric acid, sulfuric 
acid, phosphoric acid, nitric acid and organic acids of the formula of RAdd-i-CCX)H 

20 where Raeid.! is -H and C1-C3 aUgrl optionally substituted with 1 thru 3 -CI and -F. 

514. A process for the preparation of a carboxylic acid (VI) according to claim 513 
where the acid is formic acid and trifluoroacetic acid. 

25 5 15. A process for the preparation of a carboxylic add (VI) according to claim 508 
where the carboxylic acid forming agent is an acylating agent 

516. A process for the preparation of a caiboxylic acid (VI) according to claim 515 
where the acylating agent is the acylating agent is selected from the group consisting 
30 of Racid.rC0-0-C0-R«id.2 where R«ici.2 is 
-H, 

CrCa alkyl optionally substituted with 1 thru 3 -CI and -F and -q>. 
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10 



5 1 7. A process for the pr^aration of a caiboxylic acid (VI) according to claim S 1 6 
where the acylating agent is acetic anhydride or trifluoracetic anhydride. 

518. A process for the preparation of a A^''^-17-lactone of the formula (CII) 




(CIl) 



which comprises: 

(I) contacting a 1 la-hydroxysteroid of formula (CI) 




(CI) 



with a N-fluoroalkylamine reagent of formula (CVI) 

I r 

F C C H 

I I 

2l— N Z3 
Z2 



(CVI) 



where: 

Z| is C1-C4 alkyl; 

Z2 is C1-C4 alkyl and where Zi and Z2 together with the attached nitrogen atom 
form a 5- or 6-member heterocycle selected fiom the group consisting of pyrrolidinyl, 
1 5 piperazinyl, piperidinyl and morpholinyl; 
Zjis-For-CFa. 

519. A process for the preparation of a A^''^-17-lactone (CD) according to claim 518 
where Z| and Z2 are Cj-Ca alkyl. 

20 
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520. A process for the preparation of a A^'^^ -17-lactone (CII) according to claim S19 
where Z| and Z2 are Ci all^l. 

521 . A process for the prq>aratton of a A^* -17-lactone (CO) according to claim 519 
S where Z] and Z2 are C2 alkyL 

522. A process for the preparation of a A^*'^ -17-lactone (CD) according to claim 521 
where the N-fluoroall^lamine (CVI) is N-(l,l,2y3»3,3)hexafluoropn>pyl)diethylamine. 

10 523. A process for the preparation of a A^^'^ -17-!actone (CII) according to claim 520 
where the N-fluoroalkylamine (CVQ is l,l,2»2-tetniflttoroethyl-NJ4-dimethylamine. 

524. A process for the preparation of a A^' '^-steroid (CV) 

(CV) 
We 

IS 

where W5 is: 

(1) nothing, there is a double bond between C4 and C5; 

(2) W6 is W6.i:W6.2 where one of W^i or is taken together with 
W5 to form a second bond between the carbon atoms to which they are attached and 

20 the other of W6.1 and is -H; 

(3) W5 is a-O- and W7 is a-W7.i:p-W7.2 where W7.1 is -CO- resulting 
in a lactone (-0-CO-) with the oxygen atom bonded to the C-5 position in the a- 
configuration and the cartx)nyl group bonded to the C-7 position in the a- 
configuration, W7.2 is -H; 

25 where We is: 

(1) -H;-H; 

(2) is W6-3:W6ui where one of W6.3 and W^-* is taken together with W5 
to form a double bond between C-5 and C-6 and the other of W6.3 and is -H; 
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(3) is WwrWe^ and W7 is Wt-jiW?^ where one of W« and is 
taken together with one of W?.) or W?^ to form a double bond between C-6 and 
the other of W6.3 and Vf^^ is -H, the other of W70 and W7-4 is -H; 
where W7 is: 

5 (1) a-W7.5:p-W7-6 where W7.3 is: 

(a) -H, 

(b) -C=N, 

(c) -C hC-H, 

(d) -CH=CH-CH3, 
10 (e)-CO-OH, 

(f) -CO-OW7.5A where W7.5A is: 

(i) CrC4 alkyl, 

(ii) -9 optionally substituted with one thru three Ct-Ca 
alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy, 

IS (g) -9 optionally substituted with one thni three C1-C3 alkyl, 

-F, -CI, -Br, -I, C1-C3 alkoxy, 

(h) -COS W7.5A where W7.5A is as defined above, 

(i) -CO-CH=CH-C)-CO-W7.5A where W7.5A is as defmed above, 
(j)-CO.CO-H, 

20 (k)-CH2-N02, 

(I) -S-CO-W7.5A where W7-5A is as defined above, 
(m) 5-methylfur-2-yl, 
(n) 5-/-butylfiir-2-yl, 

and W7^ is -H; 

25 (3) a-W7.7:p-W7^ where W7.7 is -H and W?^ is: 

(a) -H, 

(b) -O-C0.(CrC4 alkyl), 

(c) -C)-CO-OW7^A where W7^a is: 

(i)Ci-C4 alkyl, 

30 (ii) -9 optionally substituted with optionally substituted 

with one thru three C1-C3 alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy. 



• 400- 



wo 03/082895 



PCT/US03/07793 



(iii) -CH2-9 where -q> is optionally substituted with one 
thru three Ct-C} alkyl, -CI, -Br, -I, C1-C3 alkoxy; which comprises: 
( 1 ) contacting a 1 1 a-hydioxy steroid (CIV) 




(CIV) 



where W5, W6 and W? are as defined above, with a N-fluoroalkylamine reagent of the 
formula (CVI) 




(CVI) 



where: 

10 Zi is C1-C4 alkyl; 

Z2 is C1-C4 alkyl and where Zj and Z2 together with the attached nitrogen atom 
form a 5- or 6-member heterocycle selected from the group consisting of pyrrolidinyl, 
piperazinyl, piperidinyl and morpholinyl; 

Zjis-For-CFa. 

15 

525. A process for the preparation of a A^' '^-steroid (CV) according to claim 524 
where Z\ and Z2 are Ci-Ca alkyl. 

526. A process for the preparation of a A^' '^-steroid (CV) according to claim 525 
20 where Z\ and Z2 are C| alkyl. 

527. A proems for the preparation of a A^' '^-steroid (CV) according to claim 525 
where Zi and Z2 are C2 alkyl. 
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528. A process for the preparation of a A^' '^-steroid (CV) according to claim 527 
where the N-fluoroalkylamine (CVI) is N-(Ul,233,3)hexafluoropn>pyl)diethylanune. 

529. A process for the prq>aration of a A'^* '^-steroid (CV) according to claim 526 

S where the N-fluoroalkylamine (CVI) is l,l^;2-tetrafluoroethyl-N,N-dimethylamine. 

530. A process for the preparation of a A^^ ^^-steroid (CV) according to claim 524 
where the steroid A-ring is 




(A-ring) 



10 where: 

(1) W, is -H:-H and Wj is -H:-H or W, is Wi.,:W,.2 and Wj is 
W2.i:W2.2 where one of Wm or W1.2 is taken together with one of W2.1 or W2.2 to 
form a second bond between the carbon atoms to which they are attached and the 
other or W|.i or W1-2 and W2.1 or W2.2 is -H; W3 is =0, W4 is W4.i:W4.2 where one of 

15 W4.1 and W4.2 is taken together with W5 to form a second bond between the carbon 
atoms to which they are attached and the other of W4.t and W4.2 is -H; 

(2) W3 is =0, W4 is -H:-H and Ws is in the a-orientation and is O- 
CO- (attached at C? to form a 5»7-lactone) and where W| and W2 are as defined 
above; 

20 (3) W3 is -O-W3.3>0-W3^; W4 is W4.3:W4^, where one of W4.3 and 

W4^ is taken together with W5 to form a second bond between the atoms to which 
they are attached and the other of W4.3 and W44 is -H; W3.3 and W>4 are: 

(a) the same or different and are C1-C5 aUcyU 

(b) taken together to form a cyclic moiety selected finom the 

25 group consisting of: 

(i) -CH2^2-, 

(ii) ^H2-CH2-CH2-, 

(iii) -CH2-C(CH3)2-CH2-; and where W| and Wj are as 

defined above; 
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(4) Wj is -O-W^r-O-Wj^; W4 is -H>H; W5 forms a second bond 
between Cs and Ce; W3.3 and Wa^ are as defined above: 

(5) W3isW3.5:W3^s;where 

(a) one of W^s and is -H and the other of W3.5 and Vf^ 

5 is: 

(i) -O-W3.5A where W3_5a is d-Ca alkyi, 

(ii) -O-CO-W3.5A where W3.SA is as defined above, 

(iii) -N(W3.5a)2 where W3.SA is as defined above, 

(iv) piperazinyl, 

10 (v) moipholinyl, 

(vi) piperidinyl, 

(vii) -O-COO-W3.5B where W3.5B is 

(aa) C1-C4 alkyl, 

(bb) -9 optionally substituted with optionally 
15 substituted with one thru three C1-C3 alkyl, -F, -CI, -Br, -I. C1-C3 alkoxy, 

(cc) -CH2-(p where -9 is optionally substituted 
with one thru three d-Ca alkyl, -F, -CI, -Br, -I, Ci-Cs alkoxy; 

(b) W3.5 and W3^ are taken together with the carbon atom to 
which they are attached to form a cyclic moiety including: 

20 (i)-0-CH2-CH2-0-, 

(ii) -(K:H2-CH2-CH2-0-. 

(iii) -0-CH2-C(CH3)2-CH2-O- and where W4 is -H:-H; 
W5 forms a second bond between C5 and Cel 

(6) W3 is W3.7:W3^ and where W4 is W4.7:W4^ where 
25 (a) one of W3.7 and W3^ is: 

(i) -O- W3.7A where W3,7a is C1-C3 alkyl, 

(ii) -O-CO-W3.7A where W3.7A is as defined above, 

(iii) -N(W3.7a)2 where W3.7A is as defined above, 

(iv) piperazinyl, 

30 (v) morpholinyl, 

(vi) piperidinyl, and where the other of W3-7 and W3^ is 
taken together with one of W4.7 and W4^ to form a second bond between the carbon 
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atoms to which they are attached and the other of W4.7 and is -H; Ws forms a 
second bond between Cs and Csi 

(vii) -O-CO-O-W3.5B where W5.5B is as defined above; 

(7) W3 is a-W3^:p-W3,io; where W3.9 is -H and W3.10 is: 
5 (a) -O-CO-W3.10A where W3.10A is C1-C3 allqrl, 

(b) -O-CO-O-W3-10B wh»e Wj.,oB is 

(i) C,-C4alkyl. 

(ii) Hp optionally substituted with one thru three C1-C3 
alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy, 

1 0 (iii) -CH2-9 where 9 is optionally substituted with one 

thru three CrCs alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy; where WR4 is -H:-H; and W5 
forms a second bond between the carbon atoms at Cs and C6; and where W| and W2 
are as defined above; 

(8) W3 is a-W3-9:P-W3.io; where W4 is W4^:W4-io where W3.9 and W3- 
15 10 are as defined above; where one of W4-9 and W4.10 taken together with W5 forms a 

second bond between the atoms to which they are attached and the other of W4.9 and 
W4.10 is -H; and where Wi and W2 are as defined above. 

53 1. A process for the preparation of a A^^* ^^-compound (IV) according to claim 530 
20 where the steroid A-ring is 

(1) W, is -H:-H and W2 is -Hr-H or W, is W,.,:W,_2 and W2 is Wm:W2.2 
where one of Wm or W1.2 is taken together with one of W2.i or W2.2 to form a second 
bond between the carbon atoms to which they are attached and the other or W|.| or 
W|,2 and Wm or W2.2 is -H; W3 is =0, W4 is W4.i:W4.2 where one of W4.1 and W4.2 

25 is taken together with W5 to form a second bond between the carbon atoms to which 
they are attached and the other of W4.1 and W4.2 is -H; 

(2) W3 is a-W3.9:p-W3.!o; where W3-9 is -H and Wj^io is: 

(a) -O-CO-O-W3.,0A where W3.10A is C1-C3 alkyl, 

(b) -CO-O-W3.10B where W3.10B is 
30 (i) C1-C4 alkyl, 

(ii) Hp optionally substituted with one thru three C1-C3 alkyl, 
-F, -CI, -Br, -I, C1-C3 alkoxy. 



-404- 



wo 03/082895 



PCTAJS03/07793 



(iii) -CH2-9 where 9 is optionally substituted with one thru 
three C1-C3 alkyl, -F, -CI, -Br, -I, C1-C3 alkoxy; where WR4 is -H:-H; and W5 forms a 
second bond between the carbon atoms at Cs and Q; and where W| and W2 are as 
defined above. 

5 

S32. A process for the preparation of a A^^ '^-steroid (CV) according to claim S3 1 
where the steroid A-ring is 

(1) W, is -H>H and Wj is -H>H or W, is W,., :W,.2 and W2 is W2.i:W2-2 
where one of Wm or W1.2 is taken together with one of W2.1 or W2.2 to form a second 
10 bond between the carbon atoms to which they are attached and the other or Wm or 
W,.2 and W2.1 or W2-2 is -H; W3 is =0, W4 is W4.1 :W4.2 where one of W4.1 and W4-2 
is taken together with W5 to form a second bond between the carbon atoms to which 
they are attached and the other of W4.1 and W4.2 is -H; 



15 533. A process for the preparation of a -steroid (CV) according to claim 524 
where the steroid D*ring is 




(D-ring) 



y/hm W|7 is: 
(1)=0, 

20 (2) a-W|7.i :P-W|7.2 where: 

(a) W|7.| and W17.2 are taken together with the attached 
carbon atom to form an epoxide of the formula ""CH2-C>-» 

(b) W|7.i and W17.2 are taken together with the attached carbon 
atom to form a lactone of the formula ""CH2-CH2-CO-O; 

25 (3) a-W|7.3:p-Wi7-4 whwe 

(a)W,7.3is: 

(i) -H, 

(ii) -O-C0.W,7.3A where Whoa is -H or -CO-W17.3B 
where W|7.3B is C1-C4 alkyl or and 

30 (b)Wn^is-C0-CH3; 
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(4) a-Wi7-5:P-Wi7^ where 
(a)W,7.5 is: 



(i) -0-CO-W|7-5A where W17-5A is CrC4 alkyl or -9, 



(b)W,7^is: 



s 



(i) -CO-CH2-O-W17-6A where W17-6A is Ci-Ca alkyl or 



534. A process for the preparation of a ^-steroid (CV) according to claim 533 
where W|7 is: 



(2)a-W,7.i:p-W,7.2 where: 

(a) W17.1 and W}7.2 are taken together with the attached carbon 
atom to form an epoxide of the formula * ' CH2-0-, 

(b) W|7.| and W17.2 are taken together with the attached carbon 
15 atom to form a lactone of the formula * "CH2-CH2-CO-0-. 

535» A process for the preparation of a '^-steroid (CV) according to claim 534 
where W|7 is: 



atom to form a lactone of the fonnula "*CH2-'CH2-CO-0-. 

536. A process for the preparation of a A^* ^^-steroid (CV) according to claim 533 
25 where Wi7 is: 

(3)a-Wi7-3:p-W,7^where 

(a) Wn.3is: 

(i) -H, 

(ii) -O-CO-W17.3A where W,7.3a is -H or -CO-W17.3B 
30 where W17.3B is C|-C4 alkyl or -<p and 

(b) W,7^ is-C0-CH3. 



10 



(i)=o, 



20 



(1) =o, 

(2) a-Wi7.i:P-Wi7.2 where: 

(b) W|7.| and W17.2 are taken together with the attached carbon 
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S37. A process for the preparation of a A^' '^-compound (IV) according to claim S33 
where W17 is: 

(4)a.Wn.5:P-W,7^where 

(a) Wi7.5is: 

5 (i) -0-CO-Wi7-5A where Wh-sa is C1-C4 alkyl or -q>, 

(b) W|7^is: 

(i) -CO-CH2-0-Wi7^A where W^^a is Cj-Q alkyl or 

-9- 

10 538. A process for the preparation of a A^^ ^^-steroid (CV) according to claim 524 
where the A^' ^^-steroid (CV) is 

17P-hydroxypregna-4,9(l l)-dien-3-one-7a921-dicarboxylic acid, y-lactone, 
methyl ester. 

15 539. A process for the preparation of a A^' *^-7a-substituted steroid of the formula (U) 

f?17 



(II) 



where 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the other of 
R4.1 and R4.2 is taken together with R3 to form a second bond between the carbon 

20 atoms to which they are attached; R6 is -H:-H; 

(II) R3 is R3.3:R3^ and R4 is R4-3:Rm where one of R3.3 and is -OR31 
where Rat is Ci-Cj alkyl, the other of R3.3 and R3-4 is taken together with one of R4.3 
and R4^ to form a second bond between the carbon atoms to which they are attached, 
and the other of R4.3 and Rm is -H; R« is R6.3:R«u» where one of R6.3 and R6^ is taken 

25 together with Rs to form a second bond between the carbon atoms to whidi they are 
attached and the other of R6.3 and 1^4 is -H; 

(m) R3 is a-R3.s:P-R3^ where R3.S is -O-R31 and Rs^ is -0-R32 where R31 and 
R32 are the same or different and are selected fiom the group consisting of 
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CrC3 allcyl and 

R31 and R32 are taken with the attached -O-C-0- to form a cyclic ketal 
of S or 6 atoms of the formula 

<CH2HCR33R34)nKCH2)- 

S where ni is Cor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
~H>H; R6 is R^-s^R^ where one of R^s and R^^ is taken together with R5 to form a 
second bond between the carbon atoms to which they are attached and the other of 
R^5 and R^^ is -H; 

10 (IV) R3 is a-R3.7:P-R3^ where R3.7 is -O-R31 and R3^ is -O-R32 where R31 and 

R32 are as defined above; R4 is R4.7:R4^ where one of R4.7 and R4^ is taken together 
with R5 to fomi a second bond between the carbon atoms to which they are attached 
and the other of R4.7 and R44 is -H; R^ is -H: -H; 

where R7.1 is a molecular fragment of the formula (-Ai) 



IS 

or of the formula (-A2) 




(-A2) 



where Xt is: 
-S-, 

20 -O-or 

-NX|.i- and where Xm is: 
-H. 

C1-C4 alkyl, 

-C(M>X].2 where X1.2 is C1-C4 alkyl or -CH2-9t 
2S -CO-Xt.2 where X1.2 is as defined above, 

*C0-9 where -9 is substituted in the o-position with 

^0-CKC|-C4 alkyl), 
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-SOHCi-Cjalkyl), 

-SOr<P where 9 is optionally substituted with 1 or 2 
CrC4alkyl, 
C1-C4 alkoxy; 

5 where Rb is selected from the group consisting of 

C1-C4 alkyl or 

phenyl optionally substituted with 1 or 2 
C1-C4 alkyl, 

10 Ci-Ca alkoxy, 

where Rc is selected from the group consisting o£ 
■H, 

CrC4 alkyl, 
C1-C4 alkoxy, 

15 -0-Si(R)3 where the R*s are the same or different and are -H, 

Ci-C4 alkyl, -9, C1-C4 alkoxy and -OH, 
-F. -CI, -Br, -I, 
-CO-OCH3 and 

-COR^.i where Rc-i is C1-C4 alkyl or-<p; 
20 where Rd is selected from the group consisting of 

-H, 
-ON, 

Ci-Cio alkyl; 
C1-C4 alkoxy; 

25 -CH2-0R<|.| where Rd-i is -H or C1-C4 alkyl, 

-CH2-N(Rd^)2 where the two are the same or different and 

are: 

CrC4 alkyl, 

30 -CO-Rd^ where Rd^ is Ci-C4 alkyl or -<p, 

-CH2-0-C0-R<n where R<i-i is as defined above. 
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-CH(OR<i.i)2 vfhm R^i is as defined above and v/hm the two 
R41.1 taken together are: 

-CH2-CH2-, 

<:h2-ch2-ch2-, 

5 ^H2-C(CH3-)2-CH2-. 

-CH(-0-C0-R<|.|)2 where is as defined above. 
-Si(R)3 where R is as defined above, 
-0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where Rb-i is as defined above, 
10 -S-Rd-5 where R^-s is CrC4 alkyl or -q>, 

-N(Re^)2 where R<w is as defined above, 
where Rc and taken together with the atoms to which they are attached to form 




where El are the same or different and are: 
15 -H, 

CrC4 alkyl, 
.F.<:i..Br,.I, 
-OE|.i where Em is: 
-H, 

20 C1-C4 alkyl, 

-9 or 

-SiE1.2E1.3EM where E|.2» E].3 and Em are the same or 
different and are C1-C4 alkyl or €1-64 alkoxy, 

-S-E1.5 where E1.5 is CrC4 alkyl or -<p, 
25 -S-(0)|.2-E|.5 where E1.5 is as defined above, 

-N(Ra4)2 where the two R<|^ are the same or different and are 



as defined above, 



-P(0X0-E|.|)2 where Em is as defined above, 
-Si(R)3 where R is as defined above; 
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10 



IS 



-CEfM (.B) 
where Ei is as defined above and 
where M is: 

(1) =0, 

(2) =N-E2 where E2 is selected bom the group consisting of 

-H 

CrC4 alkyl, 

C1-C4 alkenyl containing 1 or 2 double bonds, 
CrC4 alkynyl containing 1 triple bond, 
-CO-OE2-1 where E2.1 is -H or CrC4 alkyl, 
-C(E2.i)2-OE2.2 where E2.1 are the same or different and are as 
defined above and where E2.2 is 

C1-C4 alkyl, 

-<por 

-Si(R), where the three R are the same or different and 



are defined above. 



20 



-OE2.2 where E2.2 is as defined above, 

-S-E2.3 where E2.3 is Ci-Ca alkyl or -cp, 

-S-(0)i.2-E2.3 where E2.3 is as defined above, 

-N(Rd^)2 where the two R<i6 are the same or different and are as 



defined above; 



25 



30 



-Si(R)3 where the three R are as defined above; 
(3) =€(£2)2 where the E2 are the same or different and are as defined 

above, 

where £1 and E2 are taken together with the atoms to which they are attached 
to form a ring of 5 thru 7 members, optionally containing 3 thru S 
-0-, 

-N=, 

-NX|.|- where Xm is as defined above, 
-CE2= where E2 is as defined above, 
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-C(Rb)2- where Rb is as defined above» and optionally containing 1 or 2 
additional double bonds; 

-OC-E2 (-C) 
where E2 is as defined above; 
5 -CH2-CH=CH2 (-D1) 

-CH=C=CH2 (-D2) 
-CH2-OC-H (-D3) 

where Ri 7 is: 
(1)=0; 

10 (3) a-Ri7.3:p-Ri7-4 where R17-3 is -OH and where Rn^ is: 

(a) -CO-CH3, 

(b) -C0^H2-0H, 

(c) -CO-CH2-0-CO-(CH2)o-3-CH3; 

(4) a-Ri7.5:P-Ri7-6 where R17.5 and Rn-e are taken with the attached 
1 5 carbon atom to form a three member epoxide containing ~0-CH2- where the 

attachment of the -O is at R174 in the ^-orientation and the attachment of the CH2* is 
at R17.5 in the a-orientation; 

(5) a-Ri7.7*P-Ri7^ where Rn-? and Rn-g are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 

20 attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the P-orientation; 

(6) -O-CH(0Ri7.9)-CH2-CH2 where the bond from the oxygen (-0) 
is one of the four bonds at C-17 in the ^-configuration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C-17 in the a-configuration 

25 to form a S member heterocycle containing one oxygen atom, where R]7.9 is -H or C|- 
C3 alkyl; 

(7) a-Ri7.ii:P-Ri7.i2 where R17.10 is -<CH2)i.2'CH=CH2 and R17.12 is 
-OH; which comprises contacting a 1 la-hydroxy 7a-substituted steroid of the formula 
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(II) 



where Ra, R4, R5, R6 R7.1 and Rn are as defined above, with a N-fluoroalkylamine 
reagent of the formula (CVI) 



F C C H 

(CVI) 



Zi-N 23 

5 

where: 

Zt is CrC4 alkyl; 

Z2 is C1-C4 alkyl and where Z\ and Z2 together with the attached nitrogen atom 
form a 5- or 6-member heterocycle selected firom (he group consisting of pyrrolidinyl, 
10 piperazinyl, piperidinyl and morpholinyl; 
Zais-For-CFa. 

540. A process for the preparation of a A^' '^-7a-substituted steroid (II) according to 
claim S39 where Zi and Za are CrCa alkyl. 

IS 

541. A process for the preparation of a A^''^-7a-substituted steroid (II) according to 
claim 540 where Zi and % are Ci alkyl. 

542. A process for the preparation of a '^-Ta-substituted steroid (H) according to 
20 claim 540 where Z| and Z2 are C2 alkyl. 

543. A process for the preparation of a A^' '^-7a-substituted steroid QJ) according to 
claim 542 where the N-fluoroalk^amine (CVI) is N- 

( 1 , 1 ^;3,3 3)hexafIuoropropyl)diethylamine. 
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544. A process for the preparation of a *^-7a-substituted steroid (II) according to 
claim 541 where the N-fluoroalkylamine (CVI) is l,l^^-te1rafluoroethyl-N^- 
dimethylamine. 

5 

545. A process for the preparation of a A^^ *^-7a-substituted steroid QI) according to 
claim 539 where R3, R4, R5 and are selected from the group consisting of: 

(I) R3 is = O; R4 is R4-1 :R4-2 where one of R4.1 and R4-2 is -H and the other of 
R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 
10 atoms to which they are attached; R^ is -H:-H; 

(HI) R3 is a-R3.5:P-R3.€ where R3.5 is -O-R31 and R3.6 is -O-R32 where R31 and 
R32 are taken with the attached -0-C-O- to form a cyclic ketal of 5 atoms of the 
formula -(CH2HCR33R34)ni-{CH2)- where ni is 0; R4 is -H>H; R^ is R6.5:R6« where 
one of R6.5 and is taken together with R5 to form a second bond between the 
1 5 carbon atoms to which they are attached and the other of R6-3 and R^-e is -H; 

(HI) R3 is a-R3.5:P-R3-6 >*1iere R3.5 is -O-R31 and R3-6 is -O-R32 where R31 and 
R32 are taken with the attached -OC-0- to form a cyclic ketal of 6 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both C| alkyl; 
R4 is -H>H; R^ is R^j^J^ where one of R^s and R^ is taken together with R5 to 
20 form a second bond between the carbon atoms to which they are attached and the 
other of R6.S and is -H. 

546. A process for the preparation of a A^^ ^^-7a-substituted steroid (II) according to 
claim 539 where Rn is selected from the group consisting of: 

25 (a) a-Ri7.7:P-Ri7<« where R17.7 and Rn^ are taken with the attached carbon 

atom to form a five member lactone containing -0-CC)-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the ^-orientation. 
(b)=0; 

30 (c) -CM:-CH2-ORi7.m . 
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547. A process for the preparation of a A^^ '^-7a-substituted steroid (II) according to 
claim 539 where the A^' '^-7a-substituted steroid (II) is 17^hydroxy-7a-(S'-meth)4- 
2*-fuiyl)-pregna-4,9-dien-3-one-21-cari}Oxyltc acid, y-lactone. 

5 548. A process for the preparation of a A^* '^-trans enedione of the formula QH-trans) 




(Ill-trans) 



where 

(I) R3 is = O; R4 is R4-i:R4-2 where one of R4.1 and R4-2 is -H and the 
10 other of R4.1 and R4.2 is taken together with R5 to fonn a second bond between the 
carbon atoms to which they are attached; is -H>H; 

(HI) R3 is a-R3«5:p-R3-6 where R3.5 is -O-R31 and R^^ is -0-R32 where 
R31 and R32 are the same or different and are selected from the group consisting of 
C1-C3 alkyl and 

15 R31 and R32 are taken with the attached -O-C-O- to form a cyclic ketal of 5 or 

6 atoms of the formula 

-(CH2)-(CR33R34)„I-(CH2)- 

where ni is 0 or 1; 

where R33 and R34 are the same or different and are -H and CpCs alkyl; R4 is 
20 -H>H; R6 is R6>s:R6^ whm one of R6.5 and is taken together with K$ to form a 
second bond between the caibon atoms to which they are attached and the other of 
R6.sandR64is-H; 

(IV) R3 is a-R3-7:P-R3^ where R3.7 is -O-R31 and R^^ is --O-Rn where 
R31 and R32 are as defined above; R4 is R4.7:R4-8 where one of R4.7 and R44 is taken 
25 together with Rs to form a second bond between the caibon atoms to which they are 
attached and the other of R4.7 and R4^ is -H; R^ is -H:-H; 
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where Rt? is: 
(1)=0; 

(3) a-Rno'.P-Rn-A where R17-3 is -OH and where R17-4 is: 

(a)-<:aCH3, 
5 (b)^0-CH2-0H, 

(c) -CO-CH2-0-CO-(CH2V3-CH3: 

(4) a-Ri7.5:p-Ri7^ where R17.5 and Rn^ are taken with the attached 
carbon atom to form a three member epoxide containing -O-CH2- where the 
attachment of the -O is at Rn^ in the P-orientation and the attachment of the CH2* is 

10 at R17.S in the a-orientation; 

(5) a-Ri7.7:P'Ri7^ where R17.7 and R17-8 are taken with the attached 
carbon atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri7^ in the ^-orientation; 

15 (6) -O-CH(0R|7.9>CH2-CH2 where the bond from the oxygen (-0) 

is one of the four bonds at C-17 in the ^-configuration and the bond from the 
methylene group (CH2 ) is another of the four bonds at C- 17 in the a-configuration 
to form a S member heterocycle containing one oxy^n atom, where R17.9 is -H or Cr 
Cjaikyl; 

20 (7) a-Ri7.i 1 :p-Ri7-i2 where Rn-io is -(CH2)i-2-CH=CH2 and R17-12 is 

-OH; 

where Rb is selected from the group consisting of 
-H, 

C1-C4 alkyl or 

25 phenyl optionally substituted with 1 or 2 

C1-C4 alkyl, 
C1-C4 alkoxy, 
where Rc is selected from the group consisting of: 
-H, 

30 CrC4 alkyl, 

CrC4 alkoxy, 
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10 



IS 



•OSi(R)3 where the R*s are the same or different and are -H, C1-C4 
-9, C1-C4 alkoxy and -OH, 
-F. -CI, -Br, -I, 
-CO-OCH3 and 

-CO-Rc-i where Rc-i is CrC4 alkyl or -<p; 
where is selected fifom the group consisting of 
-H, 
-ChN, 

Ci-Cio alkyl; 
C1-C4 alkoxy; 

-CH2-OR<n where Rd-i is -H or C1-C4 alkyl, 
-CH2-N(R<i^)2 where the two R<i^ are the same or different and are: 
CrC^ alkyl. 

-CO-Rd^ where R<wa is C1-C4 alkyl or -9, 
-CH2-0-C0-R<j.i where R<n is as defined above, 
-CH(OR<i.i)2 where R<i.] is as defined above and where the two R<i.| 
together are: 

-CH2-CH2-, 

-CH2-CH2-CH2-, 

-CH2-C(CH3-)2-CH2-, 
-CH(-0-C0-R<|.i)2 where Rd-i is as defined above, 
-Si(R)3 where R is as defined above, 
-0-Si(R)3 where R is as defined above, 
-Sn(Rb.i)3 where Rb-i is as defined above, 
-S-Rd-s where Rd-5 is C1-C4 alkyl or-<p, 
-N(R<i^)2 where R^ is as defined above, 
ere Rc and Ra taken together with the atoms to which they are attached to form 
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where E| are the same or different and are: 
-H, 

C|-C4alkyl, 
-F, -CI, -Br, -I, 
S *OE|.] where E|.| is: 

-H, 

C1-C4 alkyi, 
-q) or 

-SiE1.2E1.3EM where E1.2, E1.3 and Em are the same or different 
10 and are C\'Ca alkyl or C1-C4 alkoxy, 

-S-E1.5 where E1.5 is C1-C4 alkyl or -<p, 

-S-(0)i.2-E|.5 where E1.5 is as defined above, 

-N(Rd4)2 where the two Rd^ are the same or different and are as 

defined above, 

15 -P(0)(0-Em)2 where E|.| is as defined above, 

-Si(R)3 where R is as defined above, which comprises contacting a 
1 la-hydroxy cis enedione of the formula (Ul-cis) 




(lll-ds) 



(Ill-trans) 
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where R3, R4, R5> R«» Ri7» Rb> Rc and Rd are as defined above, wiA a N- 
fluoroalkylamine reagent of the formula (CVI) 




(CVI) 



where: 

5 Zi is C1-C4 alkyl; 

Z2 is C]-C4 alkyl and where Z| and Z2 together with the attached nitrogen atom 
form a 5- or 6-member heterocycle selected from the group consisting of pyrrolidinyl, 
piperazinyl, piperidinyl and moipholinyl; 

Zais-For-CFa. 

10 

549. A process for the preparation of a A^' ^^-trans enedione of the formula (Ul'trans) 
according to claim S48 where Zi and Z2 are CrCz alkyl. 

550. A process for the preparation of a a'^^ *^-trans enedione of the formula (JR-trans) 
1 5 according to claim 549 where Z| and Z2 are Ci alkyl. 

55 1 . A process for the preparation of a A'^* '^-trans enedione of the formula (HL-trans) 
according to claim 549 where Z\ and Z2 are C2 alkyl. 

20 552. A process for the preparation of a a'^* '^-trans enedione of the formula (JBl'trcms) 
according to claim 551 where the N-fluoroalkylamine (CVI) is N- 
(1,1 ,2,3,33)hexafluoropropyl)diethylamine. 

553. A process for the preparation of a A^"^-trans enedione of the formula (IH'trarui) 
25 according to claim 550 where the N-fluoroalkylamine (CVI) is 1,1,2,2- 
tetrafluoroethyl-N,N-dimethylamine. 
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554. A process for the preparation of a A^^ *^-trans enedione of the fonnula (JR-trans) 
according to claim 548 where R3, R4, Rs and Re are selected from the group consisting 
of: 

(I) R3 is = O; R4 is R4.1 :R4.2 where one of R4.1 and Ra-i is -H and the other of 
S R4.1 and R4.2 is taken together with R$ to form a second bond between the carbon 
atoms to which they are attached; R« is -H:-H; 

(in) R3 is a-R3.5:P-R3-6 where R3.5 is -O-R31 and R3^ is -O-R32 where R31 and 
R32 are taken with the attached -0-C-O- to form a cyclic ketal of 5 atoms of the 
formula -(CH2HCR33R34)n!-(CH2)- where ni is 0; R4 is -H:-H; R^ is Re-siR^^ where 
10 one of R^-s and R^ is taken together with Rj to form a second bond between the 
caifoon atoms to which they are attached and the other of R^-s and R^ is -H; 

(m) R3 is a-R3.5:P-R3-6 where R3.5 is -O-R31 and R3-6 is -O-R32 where R31 and 
R32 are taken with the attached -0-C-O- to form a cyclic ketal of 6 atoms of the 
formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both d alkyl; 
15 R4 is -H:-H; is R6.5:R^ where one of R^-s and R^ is taken together with R5 to 
fomi a second bond between the caibon atoms to which they are attached and the 
other of R6.S and Re^ is -H. 

555. A process for the preparation of a A^"^-trans enedione of the formula (Ul-trarts) 
20 according to claim 548 where Rn is selected from the group consisting of: 

(a) a-Ri7.7:p-Ri7-8 where Ri7.7and Rn^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at Rn-? in the a-orientation and the attachment of the -O is 
at Ri7^ in the p-orientation; 
25 (b) =0; 

(C) -C^-CH2-0-R|7.M. 

556. A process to prepare a A^* ^^-carboxylic acid of the formula (VI) 
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or salt thereof where 

(I) R3 is = O; R4 is R4.i:R4.2 where one of R4.1 and R4.2 is -H and the 
other of R4.1 and R4.2 is taken together with Rs to form a second bond between the 
S carbon atoms to ^ch they axe attached; R« is -H:-H; 

GII) R3 is a-Ra-siP-Ra^ where R3.S is -O-R31 and is -0-R32 where 
R31 and R32 are the same or different and are selected fix>m the group consisting of 
C1-C3 alkyl and 

R31 and R32 are taken with the attached -O-C-G- to form a cyclic ketal of 5 or 
10 6 atoms of the formula 

-(CH2HCR33R34)nl-(CH2). 

where Hi isOor 1; 

where R33 and R34 are the same or different and are -H and C1-C3 alkyl; R4 is 
-H>H; Re is R«.s:R64 where one of R^s and R^^ is taken together with R5 to form a 
I s second bond between the caibon atoms to which they are attached and the other of Re- 
5 and R^ is -H; 

(IV) R3 is a-R3.7:P-R3-8 where R3.7 is -0-R3i and R3^ is -O-R32 where 
R31 and R32 are as defined above; R4 is R4-7:R4-8 where one of R4.7 and R4^ is taken 
together with Rs to form a second bond between the caibon atoms to which they are 
20 attached and the other of R4.7 and R4^ is -H; R^ is -H:-H; 
where R17 is: 

(i)=0; 

(3) a-Ri7.3:P-R|7^ where R17-3 is -OH and where Rn^ is: 

(a)-C0-CH3. 
25 (b)-CO-CH2-OH, 

(c) -C<>CH2-0-CO-(CH2)o.3-CH3; 

(4) a-Ri7.$:p-Ri7^ where R17.5 and Kn^ are taken with the attached 
caibon atom to form a three member epoxide contaming -O-CH2- where the 
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attachment of the is at Rp^ in the Orientation and the attachment of the CH2- is 
at R|7.s in the a-orientation; 

(5) a-Ri7-7:P-Ri7-s where R|7.7and Rn^ are taken with the attached 
carbon atom to fonn a Hve member lactone containing -O-CO-CH2-CH2- where the 

S attachment of the CH2- is at R17.7 in the a-orientation and the attachment of the -O is 
at Ri74 in the p-orientation; 

(6) -O-CH(0Ri7.9)-CH2-CH2 where the bond fiom the oxygen (■<)) 
is one of the four bonds at C-17 in the ^-configuration and the bond from the 
methylene group (CH2* "*) is another of the four bonds at C-17 in die a-configuration 

10 to form a S member heterocycle containing one oxygen atom, where Rn^ is -H or Ci- 



-OH which comprises 

(1) contacting a 1 la-hydroxy-hydroxy compound of the formula (IV-OH) 



Cjalkyl; 



(7) a-Ri7-n:p-Ri7.i2 where R17-10 is -<CH2)i.2-CH=CH2 and R17-12 is 




(IV-OH) 



.C i 



OH 




IS 



or a 1 la-hydroxy-hydroperoxy compound of the formula (IV-OOH) 




Ri7 



(IV-OOH) 



O OH 




or a 1 la-hydroxy biscarbonyl compound of the formula (V) 
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(V) 



where Rb is selected from the group consisting of 
-H, 

C1-C4 alkyi or 

S phenyl optionally substituted with 1 or 2 

Ct-C4 alkyl, 
C1-C4 alkoxy; 

where R7.2 is and C1-C4 alkyl optionally substituted with one or two 
-OH, and where Ra, R4, Rs. and Ri 7 are as defined above, with a N- 
] 0 fluoroalkylamine reagent of the formula (CVI) 



Zi— N 



1. I 



(CVI) 



15 



20 



^ere: 

Zi is C1-C4 alkyl; 

Z2 is C1-C4 alkyl and where Z| and Z2 together with the attached nitrogen atom 
form a 5- or 6-member heterocycle selected from the group consisting of pyrrolidine 
piperazinyl, piperidinyl and moipholinyl; 

Zj is-For-CFj; 

(2) contacting the reaction mixture of step (1) with an oxidatively cleaving 

agent 

557. A process to prepare a A^' '^-caiboxylic acid (VI) according to claim 556 where 
Z| and Z2 are Cs-Ca aUcyl. 
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558. A process to prepare a A^* "^.^boxylic acid (VI) according to claim 557 where 
Z| and Z2 are C| alkyl. 

559. A process to prepare a A^* *^-carboxylic acid (VI) according to claim 557 where 
5 Zi and Z2 are C2 alkyl. 

560. A process to prepare a A^^ '^-caiboxylic acid (VI) according to claim 559 where 
the N-fluoroalkylamine (CVI) is N-(l,I^,3,3,3)hexafIuoropropyl)diethylamine. 

10 561 . A process to prepare a A^^' '^-carboxylic acid (VI) according to claim 558 where 
the N-fluoroalkylamine (CVI) is UI,2,2-tetrafluoroethyl-N,N-dimethylamine. 

562. process to prepare a A^* '^-caiboxylic acid (VI) according to claim 556 where R3, 

R4, R5 and R« are selected from the group consisting of: 
1 5 (I) R3 is = O; R4 is lUi :R4-2 where one of R4.1 and R4.2 is -H and the other of 

R4.1 and R4.2 is taken together with R5 to form a second bond between the carbon 

atoms to which they are attached; R^ is -H:-H; 

(HI) R3 is a-R3.5:p-R3-6 where R3.5 is -OR31 and R3-6 is -O-R32 where R31 and 

R32 are taken with the attached -0-C-O to form a cyclic ketal of 5 atoms of the 
20 formula -(CH2>(CR33R34)ni-(CH2)- where n, is 0; R4 is -H:-H; R^ is R^-s:^ where 

one of R^5 and is taken together with R5 to form a second bond between the 

carbon atoms to which they are attached and the other of R^s and is -H; 

(in) R3 is a-R3.5:p-R3^ where R3.5 is "O-R31 and R3.6 is -O-R32 where R31 and 

R32 are taken with the attached -O-C-O- to form a cyclic ketal of 6 atoms of the 
25 formula -(CH2)-(CR33R34)ni-(CH2)- where ni is 1 and R33 and R34 are both Ci alkyl; 

Rj is -H:-H; is R6.5:R«-6 where one of R6.5 and R^ is taken together with R5 to 

form a second bond between the carbon atoms to which they are attached and the 

other of R6.5 and is -H. 

30 563. A process to prepare a A'^' '^-caiboxylic acid (VI) according to claim 556 where 
R]7 is selected from the group consisting of: 
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(a) a-Ri7.7:P-Ri7^ where Ri?.? and Rp^ are taken with the attached carbon 
atom to form a five member lactone containing -O-CO-CH2-CH2- where the 
attachment of the CH2- is at R17.7 in the Gt-orientation and the attachment of the -O is 
at R|74 in the ^-orientation. 
5 (b)=0; 

(c) -C^-CH2-0-R|7.i-i . 

564. A process to prepare a A^^ '^-carboxylic acid (VI) according to claim 556 where 
the oxidatively cleaving agent is selected from the group consisting of: 
10 (1) hydrogen peroxide with a caiboxylic acid forming agent selected from the 

group consisting of: 

(a) heat, 

(b) a base whose conjugate acid has a pKa of about 5 or above, 

(c) an acid which has a pKa of less than about 3, 
15 (d) an acylating agent and an aeration catalyst; 

(2) KHS05; 

(3) hydrogen peroxide with a ketone selected from the group consisting of Q4- 
CO-Q5 where Q4 and Qs are the same or different and are: 

C1-C4 alkyl optionally substituted with 1 thru 9 -CI or -F, 
20 where the Q4 and Q5 are taken together with the attached carbon atom 

to form a cyclic ketone of 5 thru 7 members, and ketones of the formula: 




C,-C,2aPcyl CrCi2 alkyl 
and 
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(4) hydrogen peroxide in combination with methyltrioxoriienium, 

(5) (p-C(CH3)2-0-OH or an alkylhydroperoxide in combination with a metal 
5 containing activator, where alkyl is fiom C4-C10 alkyl and metal containing activator 

is selected from the group consisting of Ti(isopropoxide)4, peroxotungstophosphate, 
VO(acetylacetonate)2 and Mo hexacarbonyl; 

(6) peracids selected from the group consisting of 

(a) perbenzoic acid optionally substituted with 1 or 2 -<!)1 or 

10 -NO2, 

(b) percaitoxylic acids of the formula Cii2(Q6)2nM-i-CC>3H where 
n2 is 1 thru4 and Q6 is-H» -CI or-F, 

(c) p^hthalic acid, 

(d) magnesium peroxyphthalate. 

15 

565. A process to prepare a A^***-caiboxyUc acid (VI) according to claim 564 where 
the oxidatively cleaving agent is: 

(1) hydrogen peroxide with a caiboxylic acid forming agent 

20 

566. A process to prepare a A^'^'-carboxylic acid (VI) according to claim 565 where 
the carboxylic acid forming agent is a base. 

567. A process to prepare a A'^' *^-carboxylic acid (VI) according to claim 566 where 
25 the is base is an inorganic base selected from the group consisting of hydroxide. 
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bicarbonatep and carbonate and organic bases selected from the group consisting of 
(Q3)3N were Q3 is Ci-Cj all^, DBU, DBN, DABCO, pyridine and 
dimethylaminopyridine. 

5 568. A process to prepare a A^"^-carboxylic acid (VI) according to claim 557 where 
the base is bicarbonate. 

569. A process to prepare a A'*"*-carboxylic acid (VI) according to claim 565 where 
the carboxylic acid forming agent is an acid . 

to 

570. A process to prepare a A'*"^-carboxylic acid (VI) according to claim 569 where 
the acid is selected from the group consisting of hydrochloric acid, sulfuric acid, 
phosphoric acid, nitric acid and organic acids of the formula of Ractd.i-C)OOH where 
Rocid-i is -H and C1-C3 alkyi optionally substituted with 1 thru 3 -CI and -F. 

15 

57 1 . A process to prepare a A'*"^-carboxylic acid (VI) according to claim 570 where 
the acid is formic acid and trifiuoroacetic acid. 

572. A process to prepare a A'^^^-carboxylic acid (VI) according to claim 565 where 
20 the carboxylic acid forming agent is an acylating agent. 

573. A process to prepare a A'*"*-carboxylic acid (VI) according to claim 572 where 
the acylating agent is the acylating agent is selected from the group consisting of Rocid- 
2-CO-0-CO-Racid.2 where R«ici.2 is 

25 -H, 

CrC3 alkyl optionally substituted with 1 thru 3 -CI and -F and -9. 

574. A process to prepare a A'^" '-carboxylic acid (Vl) according to claim 573 where 
the acylating agent is acetic anhydride or trifluoracetic anhydride. 

30 
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575. A process to prepare a A*^' *^-carboxyIic acid (VI) according to claim 556 where 
when the reactant is a mixture including a 1 la-hydroxy-hydroperoxy compound, the 
mixture is first treated with a bydroperoxy-deoxygenating agent 

S 576. A process to prepare a A^^ '^-carboxylic acid (VI) according to claim 575 where 
the hydroperoxy-deoxygenating agent is selected fix>m the group consisting of: 

Q1Q2S where Qt and Q2 are the same or different and are 
CrC4 alkyl, 
phenyl, 
10 bisulfite, 

sulfite, 

thiosulfate, 

tetrahydrothiophene, 

(C1-C4 alkyl)3 phosphite, 
1 5 (Ci-Q alkyl)3 phosphine, 

triphenylphosphine, 

hydrosulfite, 

thiourea, 

butyl vinyl ether, 
20 tetramethylethylene. 

zinc and acetic acid, 

tetramethylethylene and 

2-methylfuran. 

25 577. A process to prepare a A*^' '^-carboxylic acid (VI) according to claim 576 where 
the hydroperoxy-deoxygenating agent is where Qi and Q2 are both C| alkyl and the 
deoxygenating agent is dimethylsulfide. 

30 
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